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PREFACE. 


The  Author  published  a few  years  since  a paper,  in 
the  British  Medical  Journal , on  the  Action  of  the 
Heart ; and  more  recently,  in  the  Dublin  Quarterly 
Journal  of  Medical  Science , another  paper,  on  the 
Sounds  of  the  Heart.  These  papers  having  been 
fully  revised  and  enlarged,  with  much  new  matter 
added,  are  now  published  in  the  form  of  a distinct 
treatise — “ Researches  on  the  Action  and  Sounds  of 
the  Heart.”  The  views  advanced  are  based  on  a 
series  of  carefully  conducted  experiments  on  turtles, 
performed  for  several  successive  summers  in  Canada, 
during  the  highest  temperature  of  the  season,  where 
every  opportunity  was  afforded  of  listening  to  the 
sounds  of  the  heart,  and  determining  the  manner 
in  which  they  are  produced. 


London,  Oct.,  1872. 


RESEARCHES 


ON  THE 

ACTION  AND  SOUNDS  OF  THE  HEART. 


The  opinion  generally  entertained  by  physiologists 
respecting  the  action  of  the  heart  is  that  the  diastole 
of  the  ventricle  is  the  result  of  its  previous  contrac- 
tion ; the  fibres  relaxing  and  assuming  a state  of  rest. 
And  the  act  is  described  as  an  instantaneous  expansive 
movement,  by  which  the  ventricle  returns  to  the  same 
state  with  regard  to  form,  size,  and  position,  as  during 
the  previous  period  of  repose  ; the  blood  flowing  from 
the  auricles  by  a suction-power,  to  fill  up  a vacuum 
produced  in  the  interior  of  the  ventricle. 

If  we  examine  the  action  of  the  heart  when  it  is 
slow,  pulsating  at  the  rate  of  twelve  or  fourteen  times 
a minute — in  a turtle,  for  instance — we  perceive  that 
when  the  auricles  contract  and  expel  a portion  of 
blood  into  the  ventricle,  it  is  immediately  brought  to 
the  point  of  distention,  and  contracts,  projecting  a 
wave  of  blood  along  the  aorta;  or  rather  the  con- 
traction of  the  auricles  extends  by  a sort  of  vermicular 
or  continuous  movement  to  the  ventricle,  causing  it 
also  to  contract.  After  contraction  the  ventricle 
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immediately  dilates,  its  parietcs  becoming  lax  and 
flaccid,  and  blood  passes  rapidly  from  the  dilated 
auricles,  without  contraction,  into  the  cavity  of  the 
ventricle,  filling  it  out  to  a certain  extent. 

1 1 opcrly  to  understand  the  manner  in  which 
the  diastole  of  the  ventricle  is  effected  during 
the  action  of  the  heart,  we  must  remember  that 
at  this  moment  the  veins  in  connection  with  the 
auricles,  and  the  auricles  themselves,  are  filled  and 
almost  distended  with  blood;  and  a vis  d tergo,  or 
powei  by  which  the  blood  is  impelled  towards  the 
heart,  is  exerted  against  the  internal  parietes  of  the 
auricles,  which,  the  instant  the  fibres  of  the  ventricle 
and  of  the  auriculo-ventricular  valve  begin  to  relax, 
causes  the  blood  to  enter  the  foramen  of  the  ventricle, 
and  quickly  fill  out  or  dilate  its  cavity  to  the  previous 
extent  during  the  pause.  But  when  the  action  is 
more  vigorous,  the  blood  passes  so  quickly  from  the 
dilated  auricles  into  the  cavity  of  the  ventricle,  that 
the  movements  seem  almost  simultaneous,  the  blood 
appearing  to  open  up,  as  it  were,  the  relaxing  parietcs 
of  the  ventricle,  or  dilate  them  to  their  previous  extent 
during  the  pause. 

This  constitutes  the  first  stage  of  dilatation,  the 
pause  ensuing,  during  which  the  fibres  of  the  auricles 
and  of  the  ventricle  remain  relaxed.  And  as  the  auri- 
culo-ventricular foramen  continues  open  the  vis.  a tergo 
exerted  on  the  blood  in  the  two  cavities — the  auricle 


and  the  ventricle — may  be  said  to  be  nearly  equalized. 
But  if  the  force  exerted  by  the  blood  as  it  passed  from 
the  auricle  into  the  ventricle  had  been  greater,  it 
would  have  dilated  the  parietcs  till  they  reached  the 
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point  of  distention,  and  contraction  would  have 
ensued.  But  this  power  during  the  natural  action 
of  the  heart  is  only  produced  by  contraction  of  the 
auricles;  for,  as  the  blood  on  its  return  from  the 
extremities  passes  along  the  venae  cavae  to  the  heart, 
it  readily  dilates  and  distends  the  parietes  of  the 
amides,  which  being  thinner,  are  more  easily  dilated 
than  those  of  the  ventricle ; and  then  the  amide  con- 
tracts, and  projects  a portion  of  blood  into  the  ven- 
tricle, completing  the  second  stage  of  the  diastole,  and 
causing  the  ventricles,  as  we  have  stated,  to  contract. 

We  have  distinctly  seen,  during  this  state  of  the 
circulation,  the  blood  as  it  reached  the  heart  fill  out 
and  distend  the  auricles,  causing  them  to  contract 
and  produce  contraction  in  the  ventricle,  while  no 
contractions  were  observed  in  the  venae  ca.vae,  or 
extremities  of  the  venous  trunks.  Showing  that,  when 
the  action  of  the  heart  is  slow,  the  impetus  imparted 
by  the  blood  as  it  reaches  the  auricles  is  sufficient  to 
dilate  the  parietes,  and  produce  contraction,  inde- 
pendently of  any  action  in  the  venae  cavae,  or  extre- 
mities of  the  veins ; and  that  one  reason  why  the 
auricles  are  destitute  of  valves  is,  that  the  blood  may 
readily  reach  and  distend  their  parietes  in  maintain- 
ing the  action  of  the  heart. 

There  can  be  no  doubt,  however,  that  when  the 
action  of  the  heart  is  more  vigorous  the  contraction  of 
the  extremities  of  the  venous  trunks  exerts  an  influ- 
ence over  the  distention  of  the  auricles,  whilst  the 
valves  with  which  the  veins  are  furnished  prevent 
the  reflux  of  the  blood  during  the  auricular  systole. 

With  re£  '•ard  to  the  amount  of  blood  that  enters  the 
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ventricle  during  each  stage  of  the  diastole,  wc  may 
remark,  that  when  the  action  of  the  heart  is  slow 
the  ventricle  is  chiefly  dilated  during  the  first  stage 
of  the  diastole,  as  the  auricles  do  not  contract  with 
vigour,  and  in  warm-blooded  animals  principally  in 
the  appendices ; the  act  being  apparently  or  chiefly 
designed  to  produce  contraction  in  the  ventricle,  and 
consisting  of  a sort  of  vermicular  movement,  extend- 
ing to  the  ventricle.  When  the  action  becomes  more 
rapid,  we  have,  during  the  second  stage  of  the  diastole, 
seen  the  ventricle  enlarged  by  one-third  of  its  previous 
size,  the  parietes  being  distinctly  stretched  out,  and 
the  fibres  elongated,  till  distention  was  produced. 
From  which  it  appears  that  in  this  condition  of  the 
circulation — that  is,  when  the  diastole  consists  of  two 
stages — the  greater  proportion  of  blood  enters  the 
ventricle  during  the  first  stage  of  the  diastole,  and  that 
the  auricles  only  feebly  and  partially  contract. 

But  when  the  action  of  the  heart  begins  to  increase, 
the  auricles  contract  sooner  in  point  of  time  and  of 
rhythm.  On  being  dilated  they  appear  filled  with 
blood,  and  a portion  passes  quickly  from  the  auricles 
into  the  cavity  of  the  ventricle,  as  its  fibres  relax  after 
contraction.  But,  before  the  first  stage  of  dilatation  is 
completed  the  auricles  contract,  which  annihilates 
the  pause,  and  renders  the  diastole  one  continuous 
act.  In  this  case  we  have  distinctly  seen  and  felt,  in 
warm-blooded  animals,  the  fibres  of  the  ventricle, 
during  the  contraction  of  the  auricles,  continue  to  be 
extended  and  elongated  till  distention  ensued,  and 
contraction  commenced. 

When  the  action  of  the  heart  is  still  more  vigorous, 
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respiration  being  fully  maintained,  tlie  contraction  of 
the  auricles  is  synchronous  with  the  diastole  of  the 
ventricles.  The  auricles  on  being  dilated,  do  not 
remain  distended  with  blood,  but  immediately  con- 
tract, and  the  whole  of  the  blood  that  enters  the 
ventricle  is  projected  by  contraction  of  the  auricles. 
The  vis  a tercjo  in  the  veins  has  now  no  influence  in 
assisting  the  dilatation  of  the  ventricle,  and  the  ven- 
tricle dilates  whilst  the  auricles  contract,  and  they 
contract  with  considerable  energy,  the  diastole  of  the 
ventricle  being  completed  by  a continuous  and  un- 
interrupted movement,  without  the  slightest  appear- 
ance of  a pause. 

It  is  surprising  to  observe  the  different  opinions  that 
are  entertained  by  physiologists  on  the  action  of  the 
heart,  according  to  the  phenomena  presented  to  their 
view.  Dr.  Hope  states  :*  “ On  examining  the  posterior 
surface  of  the  heart  of  a frog,  when  its  action  was 
reduced  to  15  or  20  per  minute,  the  whole  of  the 
auricle,  which  had  previously  been  concealed  by  the 
ventricle,  being  now  exposed,  it  was  found  that  for  a 
short  space  of  time,  the  ventricle  being  at  rest  partially 
distended  with  blood,  the  amide  then  contracted  with 
a smart  brief  motion,  but  only  partially  contracted ; 
for  tlio  sinus  venosus  was  constantly  full  of  blood,  both 
in  this  experiment  and  those  of  the  rabbit,  and  whether 
the  circulation  was  quick  or  slow.  When  the  auricle 
had  relaxed  again,  and  not  till  then,  the  ventricle, 
stimulated,  I conjecture,  by  the  motion,  for  it  cer- 
tainly was  not  by  distention,  was  seen  suddenly  to 
rise  up  on  its  basis,  to  shorten  its  fibres,  and  to  expel 


* Hope  ou  the  “ Heart,”  p.  11. 
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its  contents,  winch  latter  action  was  slowly  performed 
After  the  completion  of  the  systole,  which  was  indi- 
cated by  the  pale  colour,  the  diastole  took  place,  and 
allowed  a partial  influx  of  blood,  denoted  by  the  return 
of  the  red  colour;  and  in  this  state  the  ventricle 
remained  quiescent  for  a short  space,  until  again 
stimulated  by  the  auricular  contraction.  It  may  be 
objected  to  this  account,  that  as  the  action  of  the  heart 
was  preternaturally  slow,  the  motions  were  abnormal. 
We  thought,  however,  that  we  could  discern  the  same 
seiies  of  actions,  when  the  pulsations  were  40  per 
minute.”  Professor  Muller,  as  the  result  of  his  experi- 
ments on  the  action  of  the  heart,  states:  “In  the 
frog  the  contractions  of  the  venous  trunk,  of  the 
auricle,  the  ventricle  and  the  bulbous  aorta  appeared 
to  me  to  follow  the  order  in  which  I have  named  the 
parts,  the  intervals  between  the  four  contractions 
being  nearly  equal ; so  that  the  same  interval  of  time 
elapsed  from  the  contraction  of  the  auricles  to  the 
contraction  of  the  ventricle,  as  between  the  contraction 
of  the  ventricle  and  that  of  the  bulb  of  the  aorta.” 

The  discrepancy  of  opinion  that  exists  between 
these  two  authors  respecting  the  action  of  the  heart, 
undoubtedly  arose  from  the  circumstance  that  Dr. 
Hope  viewed  the  heart  when  its  action  was  slow  and 
languid ; and  Professor  Muller  when  it  was  quick  and 
vigorous,  beating  at  the  rate  of  60  or  70  times 
per  minute.  And  it  will  be  observed  that  in  the 
latter  case  the  auricles  contracted  and  expelled  their 
blood  into  the  ventricle  whilst  it  dilated.  And  the 
movements  being  alternate,  dilated  whilst  the  ventricle 
contracted ; so  that  nothing  like  a pause  or  period  of 


13 


repose  occurred  during  the  diastole  of  the  ventricle. 
And  this  fact  we  have  repeatedly  witnessed  in  the 
course  of  our  experiments  in  the  frog,  the  fish,  and 
the  turtle,  when  the  action  of  the  heart  was  vigorous 
and  respiration  well  maintained. 

As  the  principle  that  obtains  in  the  action  of  the 
heart,  is  the  same  in  warm  as  in  cold-blooded  animals, 
Dr.  Hope  maintained  that  a pause  always  exists  be- 
tween the  diastole  of  the  ventricles  and  the  contraction 
of  the  auricles,  and  that  this  contraction  immediately 
precedes  the  contraction  of  the  ventricles,  or  rather 
that  it  passes  into  it  by  a sort  of  vermicular  movement. 
But  other  physiologists  who  have  examined  the  action 
of  the  heart  when  it  was  vigorous  in  living  animals, 
pulsating  at  the  rate  or  60  per  minute  and  upwards, 
respiration  being  well  maintained,  are  decidedly  of 
opinion,  that  the  contraction  of  the  auricles  takes 
place  simultaneously  with  the  commencement  of  the 
diastole  of  the  ventricle ; that  no  pause  or  period  of 
repose  occurs  during  the  ventricular  diastole,  but  that 
it  consists  of  one  distinct  and  continuous  movement, 
immediately  succeeded  by  the  systole. 

More  fully  to  explain  our  views,  we  may  observe 
that  having  denuded  the  heart  of  a living  turtle,  we 
carefully  observed  the  phenomena.  Respiration  re- 
mained unaffected.  When  the  heart  beat  at  10  or  12 
pulsations  per  minute,  the  ventricle,  after  contraction, 
dilated,  and  became  partially  filled  with  blood  passing 
into  it  from  the  distended  auricles,  a pause  ensued ; 
and  then  the  auricles  contracted  and  completed  the 
diastole  of  the  ventricle,  causing  it  to  contract.  When 
the  action  increased  to  1 6 or  1 8 pulsations  per  minute, 
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the  ventricle  after  contraction  dilated,  and  a portion 
of  blood  passed  from  the  distended  auricles  into  the 
ventricle,  tilling'  out  its  parietes,  but  before  this  was 
completed,  the  auricles  contracted,  and  projecting 
them  blood  into  the  ventricle  brought  it  into  a state  of 
distention  at  once,  which  annihilated  the  pause,  and 
rendered  the  diastole  one  continuous  act.  But  on  the 
pulsations  increasing  to  26,  28,  and  30  per  minute, 
the  auricles  contracted  synchronously  with  the  diastole 
of  the  ventricle,  which  consisted  of  one  continuous 
and  uninterrupted  movement.  The  blood  projected 
by  the  auricles  filled  out  or  dilated  the  ventricle,  as 
its  walls  expanded,  till  distention  ensued  and  contrac- 
tion took  place.  Here  we  observed  that,  as  the 
diastole  proceeded,  a sort  of  undulation  jiassed  along 
the  cavity  of  the  ventricle,  as  if  the  blood,  by  the 
force  which  it  exerted,  opened  up  and  distended  its 
walls.  The  animal  remaining  in  a calm  and  quiescent 
state,  and  the  action  of  the  heart  proceeding  with  much 
uniformity,  suddenly  as  if  impelled  by  an  impulse,  the 
auricles  began  to  contract  with  great  energy,  and  pro- 
jected the  blood  into  the  ventricle  with  increased 
velocity ; and  its  parietes  expanded  at  a proportionate 
ratio,  and  contracted  in  a similar  manner.  The 
vigorous  contraction  of  the  auricles  appeared  to  open 
up  the  relaxing  parietes  of  the  ventricle,  and  caused 
them  to  dilate  with  great  velocity.  These  move- 
ments would  continue  for  a time,  and  then  the  slower 
action  of  the  heart  would  return. 

In  another  turtle,  the  action  of  whose  heart  we 
examined  during  the  highest  temperature  of  the  season 
(July  8th),  it  appeared  that  the  contraction  of  the 
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auricles  exerted  an  influence  on  tlie  dilatation  of  the 
ventricle  5 for,  when  the  action  of  the  heart  had 
attained  its  greatest  degree  of  speed — 36  pulsations 
per  minute — the  contracting  power  of  the  ventricle  was 
sometimes  apparently  prolonged  as  if  from  the  vigour 
with  which  it  acted;  and  whilst  the  ventricle  con- 
tinued in  this  contracted  state,  the  auricles  contracted, 
and  the  moment  the  blood  entered  the  foramen  of  the 
ventricle,  its  parictes  opened  up,  and  continued  to  ex- 
pand till  they  contracted.  This  fact  was  also  apparent 
when  the  action  of  the  heart  was  30  pulsations  per 
minute.  We  placed  our  fingers  against  the  parietes 
of  the  ventricle,  and  we  distinctly  recognised  that  they 
did  not  become  smooth  and  soft  till  the  auricles  began 
to  contract ; and  the  moment  that  took  place,  the 
blood  appeared  to  open  up  the  contracted  walls  of  the 
ventricle,  or  caused  them  to  expand  till  contraction 
commenced. 

There  was  now  a great  difference  in  the  character 
of  the  movements,  both  of  the  auricles  and  the  ven- 
tricle. When  the  action  of  the  heart  was  slow,  as  at 
10  or  12  pulsations  per  minute,  the  auricles,  on  being 
dilated,  continued  distended  with  blood  during  the 
first  stage  of  the  diastole  and  the  pause.  But,  when 
the  action  of  the  heart  was  vigorous,  the  auricles  were 
.dilating  whilst  the  ventricle  was  contracting  ; and  as 
the  auricles  immediately  contracted  on  being  dilated, 
the  blood  entered  the  foramen  of  the  ventricle  at  the 
moment  its  fibres  were  beginning  to  relax,  and  rapidly 
dilated  its  walls,  or  filled  out  the  cavity  of  the  ven- 
tricle, till  distention  was  produced,  and  contraction 
commenced. 
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Wo  denuded  the  heart  of  a living  frog,  and  care- 
fully observed  its  action.  The  pulsations  were  64  per 
minute.  Respiration  remained  perfect.  The  auricles, 
on  being  dilated,  immediately  contracted,  and  they 
contracted  synchronously  with  the  diastole  of  the 
ventricle  ; the  parietes  of  the  ventricle  continuing  to 
expand  as  the  blood  was  projected  by  the  auricles,  till 
distention  was  produced,  and  the  ventricle  contracted. 
During  dilatation  the  ventricle  assumed  a deep  red 
colour,  and  the  blood  could  be  distinctly  seen  to  enter 
its  cavity  as  the  parietes  expanded  and  dilated.  Dur- 
ing contraction  the  ventricle  became  small  and  pale, 
all  the  blood  appearing  to  be  expelled  from  its  cavity. 
But,  after  contraction,  there  was  no  expansion  of  the 
parietes  of  the  ventricle,  and  no  blood  entered  its 
cavity  till  the  auricles  contracted.  The  animal  con- 
tinued to  respire  with  vigour,  and  the  action  of  the 
heart  increased  to  72  and  74  per  minute.  The  move- 
ments were  maintained  in  a similar  manner,  but  the 
auricles  contracted  with  greater  rapidity  ; and  as  they 
projected  the  blood  into  the  ventricle,  its  parietes  ex- 
panded at  a proportionate  rate,  and  also  more  quickly 
contracted,  projecting  the  blood  with  greater  velocity 
along  the  aorta.  After  a few  hours,  the  action  of  the 
heart  fell  to  30  per  minute,  and  precisely  the  same 
movements  were  observed,  the  wave  of  auricular  con- 
traction passing  as  it  were  into  the  foramen  of  the  ven- 
tricle ; and  the  blood  could  be  distinctly  seen  to  enter 
its  cavity,  whilst  the  walls  of  the  ventricle  expanded 
and  dilated.  But  there  was  not  the  slightest  approach 
to  anything  like  the  dilatation  of  the  ventricle  before 
the  contraction  of  the  auricles. 
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On  denuding  the  heart  in  warm-blooded  animals  we 
have  carefully  observed  its  action,  both  by  touching 
the  ventricles  with  the  fingers  and  steadily  watching 
their  movements  with  the  eye,  the  jDulsations  being  in 
some  cases,  as  in  large  animals,  64  per  minute  ; in 
other  cases,  as  in  small  animals,  80,  90,  or  100  per 
minute.  But  at  this  rate  of  speed  we  have  never  been 
able  to  detect  anything  like  a pause  during  the  diastole 
of  the  ventricles.  In  all  these  cases  the  contrac- 
tion of  the  auricles  was  synchronous  witli  the  diastole 
of  the  ventricles,  which  consisted  of  one  rapid  and 
continuous  act,  the  blood  being  projected  by  the  auri- 
cles into  the  cavities  of  the  ventricles,  till  distention 
was  produced  and  the  systole  took  place,  propelling 
the  blood  along  the  aorta  and  pulmonary  artery. 

We  have  now  reached  that  degree  of  velocity  in  the 
action  of  the  heart,  when  the  auricles  contract  as  the 
ventricles  dilate ; there  being  no  interval  between 
the  diastole  of  the  ventricles  and  the  contraction  of 
the  auricles,  but  the  acts  occur  simultaneously.  And 
if  we  analyse  these  movements  of  the  heart, — that  is, 
when  its  action  is  quick, — we  perceive  that  the  ventri- 
cles do  not  relax  before  the  auricles  begin  to  contract, 
which  can  easily  be  ascertained  by  placing  the  point 
of  the  finger  against  the  side  of  the  ventricles,  and 
observing  the  movements  of  the  auricles.  The  con- 
tractile energy  of  the  ventricles  may  even  afford 
somewhat  the  appearance  of  a pause,  the  ventricle 
appearing  to  remain  for  an  instant  contracted,  after  it 
has  propelled  the  wave  of  blood  into  the  aorta,  and  we 
have  even  repeatedly  seen,  as  already  stated,  the  auri- 
cles contract,  whilst  the  ventricle  was  still  in  a con- 
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tracted  state,  but  that  moment  the  fibres  relaxed,  and 
as  the  blood  from  the  auricles  entered  the  ventricle, 
t ie  parietes  swelled  out,  and  the  diastole  was  com- 
pleted m its  usual  manner  by  a continuous  and  unin- 
terrupted movement. 

When  the  action  of  the  heart  has  attained  such  a 
degree  of  celerity  that  the  contraction  of  the  auricles 
is  synchronous  with  the  diastole  of  the  ventricles,  the 
paiietes  ot  the  ventricles  do  not  instantaneously  ex- 
pand, and  the  blood  then  enters  the  cavities.  The 
movements  are  simultaneous.  The  diastole  of  the 
'ventiicles  proceeds  at  a ratio  proportionate  to  the 
energy  with  which  the  auricles  contract.  If  the 
auricles  contract  with  greater  vigour,  the  ventricles 
dilate  with  greater  rapidity.  If  the  auricles  contract 
with  Jess  vigour,  the  ventricles  dilate  with  less. 
And  if  we  carefully  examine  the  parietes  of  the  ven- 
tricles, we  can  distinctly  see  and  feel  the  fibres 
gradually  dilate  as  the  blood  from  the  auricles  shoots 
to  the  apex  and  distends  the  cavity.  No  doubt  the 
parietes  of  the  ventricles  relax  after  contraction  in 
virtue  ot  the  power  which  they  possess,  as  muscular 
tissue,  of  assuming  their  previous  condition.  But  the 
fibres  may  not  always  relax  with  a degree  of  rapidity 
sufficient  to  sustain  the  vigorous  action  of  the  heart. 
Muscular  fibres  have  been  observed  continuing'  in  con- 
traction.* And  we  have  repeatedly  seen  when  the 
animal  became  much  agitated  the  ventricle  remain  con- 
tracted till  excited  to  dilatation  by  the  blood  projected 
by  the  auricles.  And  Muller  remarks  that  “ the  degree 
to  which  the  heart  dilates,  independent  of  being  dilated 

* Muller’s  “ Physiology,”  vol.  ii.  p.  88S. 
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by  a fluid,  can  be  but  slight.”  * We  have  also  ob- 
served the  auricles  contract  whilst  the  ventricle  re- 
mained in  a contracted  state,  the  animal  continuing 
calm  and  quiescent.  And  Laennec,  in  his  observations 
on  the  action  of  the  heart,  states,  11  that  in  some  cases 
the  systole  of  the  ventricles  seems  scarcely  over  before 
it  begins  again  to  swell  out  afresh.”-)*  The  contraction 
of  the  auricles  then,  being  synchronous  with  the  dias- 
tole of  the  ventricles,  subserves  a most  important 
purpose  in  maintaining  the  vigorous  action  of  the 
heart.  Then  a force  is  exerted  which  converts  the 
movement  of  relaxation  into  one  of  active  dilatation, 
because  the  power  with  which  the  auricles  contract 
may  not  only  excite  the  dilatation,  but  impart  a 
stimulus  to  the  relaxing  parietes  of  the  ventricles, 
which  renders  the  diastole  the  first  and  most  promi- 
nent movement,  and  the  systole  its  sequence.  If  we 
examine  the  action  of  the  heart  under  these  circum- 
stances, we  easily  perceive  that  the  movements  of  the 
ventricles  partake  of  this  character,  that  the  ventricles 
fiist  dilate  and  then  contract.  For  the  moment  the 
auricles  contract  the  ventricles  swell  out,  as  if  by  an 
active  power ; opening  up  or  dilating  their  walls  till 
fully  distended,  they  contract,  propelling  the  blood 
along  the  aorta  and  pulmonary  artery.  Fully  to 
understand  this  movement,  let  us  suppose  a cavity 
into  which  a fluid  flows  as  its  walls  relax  or  dilate, 
and  when  filled  the  cavity  contracts  and  expels  the 
fluid  along  another  tube.  The  fluid  enters  the  cavity 
as  the  walls  expand,  and  is  expelled  as  they  contract, 

* fuller’s  “ Physiology,”  yol.  i.  p.  233. 

T Laennec  on  “ Diseases  of  the  Chest,”  p.  50S. 
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which  is  the  case  when  the  action  of  the  heart  is  slow. 
But  suppose  that  a force  is  exerted  when  the  fluid  enters, 
opening  up  the  dilating  walls  of  the  cavity,  and  when 
filled  or  distended  the  cavity  contracts,  expelling  the 
fluid  along  another  tube.  It  is  evident  that  the  whole 
character  of  the  movement  is  changed.  There  is  an 
active  force  exerted,  both  in  dilating  the  cavity  and 
contracting  it  to  expel  the  fluid,  and  this  is  undoubtedly 
what  obtains  during  the  vigorous  action  of  the  heart. 

That  this  is  the  principle  on  which  the  action  of 
the  heart  depends,  will  more  distinctly  appear  if  we 
attend  to  the  following  points  : — 1st.  The  diastole  of 
the  ventricle  consists  of  one  continuous  movement,  by 
which  the  fibres  are  stretched  out  not  merely  to  their 
normal  extent,  but  till  distention  ensues  and  contraction 
commences.  2nd.  The  ventricle  dilates  with  various 
degrees  of  rapidity,  according  to  the  velocity  with 
which  the  circulation  is  maintained.  It  dilates  with 
twice  as  great  velocity  at  60  per  minute  as  at  30,  and 
with  three  times  as  great  velocity  at  90  per  minute, 
and  so  on  in  relative  proportion  to  the  action  of  the 
heart.  And  what  is  it  that  confers  this  power  upon  the 
ventricle — first  of  attaining  during  the  act  of  dilatation 
to  the  point  of  distention  and  contraction  ; and 
secondly,  of  increasing  the  rapidity  with  which  the 
fibres  dilate,  according  to  the  increased  vigour  of  the 
circulation  P It  cannot  depend  on  mere  muscular 
relaxation,  for  that  would  not  carry  it  to  the  point 
of  contraction ; and  the  increased  velocity  of . the 
dilatation  of  the  ventricle  cannot  be  accounted  for  on 
the  principle  of  the  fibres  of  the  ventricle  relaxing 
with  greater  rapidity  according  to  the  previous  con- 
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traction,  because  increased  action  in  the  dilatation 
commences  before  the  ventricle  contracts.  If  the 
action  of  the  heart  be  proceeding  at  a moderate  rate 
of  speed,  and  the  auricles  commence  to  contract  with 
greater  vigour,  the  ventricle  at  this  moment  dilates 
with  greater  velocity,  and  contracts  with  similar 
energy.  Every  successive  movement,  as  the  action 
of  the  heart  increases,  proceeds  in  the  same  manner, 
the  first  impulse  of  increased  activity  of  the  ventricle 
commencing  with  and  depending  on  the  rapidity  of 
the  diastole. 

From  these  statements,  then,  it  appears  that  the 
auricles  during  the  vigorous  action  of  the  heart  con- 
tract with  energy,  and  exert  an  influence  over  the 
whole  of  the  diastole  of  the  ventricle.  Many  physi- 
ologists also  concur  in  the  opinion  that  the  auricles 
contract  with  vigour.  Dr.  John  Reid  states  “ that 
the  systole  of  the  auricles  is  performed  with  great 
regularity  when  the  action  of  the  heart  is  still 
vigorous,  and  appears  to  be  effected  by  the  simul- 
taneous contraction  of  all  its  fibres.  According  to  the 
observations  of  Harvey,  Lower,  Senac,  Haller,  and 
others,  the  contraction  of  the  auricles  is  performed 
with  considerable  force.”*  u In  the  experiments  of  Dr. 
Hope,  Mr.  Carlisle,  Mr.  Bouilland,  and  the  Dublin 
Committee  for  Investigating  the  Cause  of  the  Sounds 
of  the  Heart,  the  contraction  of  the  auricles  appeared 
to  be  comparatively  trifling,  and  was  most  apparent 
in  the  appendices.  From  my  own  experiments,”  says 
he,  “ upon  rabbits  and  dogs,  I am  convinced  that  the 

Aiticle  Heart,  by  Dr.  John  Keid,  in  “ Cyclopaedia  of  Anatomy 
and  Physiology.”  London. 
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auricles  contract  considerably  more  when  the  move- 
ments of  the  heart  are  proceeding  in  a natural  manner 
than  some  of  these  last  experimenters  would  lead  us  to 
believe,  and  that  this  contraction  is  not  confined  to 
the  appendix,  but  extends  over  the  whole  auricle  • but 
that,  none  of  the  muscular  fibres  of  the  auricles  are 
passive,  but  exert  a force  proportionate  to  their 
strength,  we  have  evidence  both  from  experiment 
and  the  effect  of  disease.  In  some  of  those  cases 
where  an  impediment  to  the  jmssage  of  the  blood 
from  the  auricle  to  the  ventricle  exists,  all  the  mus- 
cular fibres  of  the  auricles  become  much  increased  in 
thickness  and  in  strength.” 

There  can  be  no  doubt  that  during  the  moderate 
and  regular  action  of  the  heart  the  auricles  contract 
with  energy.  And  we  have  the  most  satisfactory  evi- 
dence for  concluding  that  they  exert  a direct  influence 
over  the  ventricle,  both  during  its  diastole  and  its 
systole,  which  enables  us  to  see  how  the  action  of  the 
heart  is  really  increased  and  maintained.  The  phy- 
siologists who  adopt  the  views  supported  by  Dr.  Hope, 
admit  that  the  auricles  are  the  primum  mobile,  or 
cause  of  the  movements  of  the  ventricle.  But  they 
confine  their  action  to  bringing  the  ventricle,  already 
partially  filled  with  blood,  to  the  point  of  distention 
and  producing  the  contraction  ; the  first  stage  of  dila- 
tation and  the  pause  according  to  that  view  always 
existing.  So  that  as  only  an  instant  is  occupied  in 
bringing  the  ventricle  to  its  full  distention,  it  is  chiefly 
in  the  rapidity  of  the  contraction  that  the  increased 
action  of  the  heart  is  produced  ; which  is  a circuitous 
mode  of  increasing  the  circulation  of  the  blood,  and 
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incompatible  with  the  great  velocity  that  is  frequently 
attained.  But  in  the  preceding  experiments  we  have 
shown  that  when  the  action  of  the  heart  is  vigorous, 
the  contraction  of  the  auricles  is  synchronous  with  the 
diastole  of  the  ventricle,  which  annihilates  the  first 
stage  of  dilatation  and  the  pause.  And  as  the  force 
which  the  auricles  exert  extends  through  the  whole 
period  of  the  ventricular  diastole,  it  increases  the 
rapidity  with  which  the  parietes  dilate,  whilst  it  im- 
parts to  them  a greater  stimulus  to  contraction. 

In  this  state  of  the  circulation  the  ventricle  is  not 
only  filled  and  distended  solely  by  the  contraction  of 
the  auricles,  but  it  is  brought  to  the  point  of  distention 
by  a smaller  quantity  of  blood  entering  it  than  when 
the  action  of  the  heart  is  slow  and  languid.  We  have 
always  observed  that  when  the  action  of  the  heart  is 
vigorous  and  the  blood  highly  arterialized,  the  ventricle 
is  more  quickly  distended  and  by  a smaller  amount  of 
fluid ; the  vigorous  condition  of  the  ventricle  rendering 
it  susceptible  of  the  finer  stimulus.  Thus  we  see  how 
the  action  of  the  heart  is  increased  and  maintained 
when  the  systole  of  the  auricle  is  synchronous  with  the 
diastole  of  the  ventricle,  the  two  movements  proceeding 
in  a regular  and  uninterrupted  manner  and  in  quick 
and  rapid  succession,  and  not  only  is  this  the  case,  but, 
when  the  auricles  contract  with  still  greater  rapidity, 
the  diastole  of  the  ventricle  is  performed  with  greater 
energy,  and  the  systole  with  similar  velocity.  Hence 
when  the  circulation  is  quick  and  vigorous  the  whole 
diastole  of  the  ventricles,  as  well  as  the  systole,  is  re- 
gulated by  the  auricles  or  directly  under  their  influ- 
ence, causing  the  ventricles  to  manifest  an  actively 


24 


dilating  power  by  the  rapidity  with  which  the  move- 
ment is  executed. 

We  perceive  then  that  the  principle  on  which  the 
action  of  the  heart  is  established,  renders  it  adapted 
either  to  a slow,  or  a rapid  circulation  of  the  blood. 
When  the  action  is  slow  a pause  occurs  in  the  diastole 
of  the  ventricle,  which  disappears  as  the  circulation 
increases  ; and  the  auricular  systole  becomes  synchro- 
nous with  the  ventricular  diastole.  If  the  ventricle 
pulsate  at  the  rate  of  14  or  16  times  a minute,  the 
pause  occurs  and  is  long,  the  blood  being  imperfectly 
arterialized ; a due  stimulus  is  not  imparted  to  the 
heart,  and  all  the  functions  of  the  body  are  languid. 
When  the  action  of  the  heart  increases  to  30,  34,  or 
40  pulsations  per  minute  in  cold-blooded  animals,  as 
the  turtle,  and  to  50  and  60  pulsations  per  minute  in 
the  warm-blooded,  respiration  being  well  maintained, 
the  pause  entirely  disappears,  and  the  diastole  of  the 
ventricle  is  synchronous  with  the  contraction  of  the 
auricle,  and  occurs  in  half  a second  or  thereabouts,  and 
the  systole  in  half  a second.  When  the  action  in- 
creases to  90  pulsations  per  minute  the  diastole  occu- 
pies one-third  of  a second  or  thereabouts,  and  the 
systole  one-third,  and  the  movements  proceed  in  this 
manner,  the  diastole  being  quickly  performed  and 
succeeded  by  the  systole ; and  when  the  action  of  the 
heart  increases  to  180  pulsations  per  minute,  as  in  the 
menoculus  pulex  and  some  others,  whose  blood  is 
highly  arterialized,  three  pulsations  occur  in  one 
second  of  time,  allowing  one-sixth  for  the  diastole, 
and  one-sixth  for  the  systole. 

But  the  ventricle  is  considered  to  dilate  with  a force 
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which,  in  warm-blooded  animals,  is  sufficient  to  open 
up  the  closed  hand  seizing  it,  a phenomenon  that 
physiologists  have  had  great  difficulty  in  accounting 
for,  and  to  which  we  shall  particularly  refer  in  another 
section. 

We  shall  now  shortly  inquire  how  the  diastole  of 
the  auricles  is  produced.  The  auricles,  it  is  well 
known,  are  never  empty  of  blood,  a portion  remaining 
after  contraction,  dilating  their  walls.  The  parietes 
of  the  auricles  are  thin,  and  during  relaxation  very 
distensible  or  easily  dilated.  The  auricles  possess  no 
valves  behind  them,  but  a free  communication  exists 
between  them  and  the  extremities  of  the  veins  which 
are  possessed  of  the  power  of  contracting  and  dilating 
with  the  fibres  of  the  heart.  In  cold-blooded  animals, 
when  the  action  of  the  heart  is  vigorous,  the  venous 
trunks  or  extremities  of  the  veins  contract  first,  then 
the  auricles,  after  that  the  ventricle,  and  the  bulb  of 
the  aorta,  which  is  synchronous  with  the  ventricular 
systole  ; the  ventricle  being  still  contracted  when  the 
aorta  pulsates.  In  this  case  the  contraction  of  the 
venous  trunks  distend  the  auricles  with  blood,  and 
produce  their  contraction.  But  when  the  circulation 
was  slower,  we  have  observed  the  blood  in  the  veins 
on  its  return  from  the  body  continue  to  distend  the 
auricles  and  cause  them  to  contract,  independent  of 
contraction  in  the  venous  trunks ; showing  that  the 
blood  returns  along  the  veins  with  a power  sufficient 
to  distend  the  auricles  and  sustain  the  action  of  the 
lieai  t,  and  this  appeared  to  take  place  without  a vis-ci- 
fronte  ; for,  in  cases  where  respiration  had  ceased,  and 
the  ventricles  were  dilated  and  filled  with  blood,  the 
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blood  on  its  return  from  the  extremities  continued  to 
dilate  the  auricles  and  over-distend  their  parietes. 

During  these  experiments  the  action  of  the  heart 
was  always  increased  by  the  animals  continuing  to 
respire  for  a time.  The  blood  becoming  more  highly 
arterialized,  appeared  to  impart  a greater  stimulus  to 
the  internal  parietes  of  the  auricles  and  ventricles. 
And  it  is  a well-known  fact  that  exercise  or  increased 
exertion  quickens  the  circulation  in  the  veins,  and 
causes  the  blood  to  return  with  greater  vigour  to  the 
heart. 

But  it  appears  that  independently  of  this  jDrmciple, 
the  auricles  are  capable  of  being  excited  by  a stimulus 
conveyed  through  the  cerebral  or  sympathetic  nerves 
to  the  heart.  We  have  frequently  seen  in  the  turtle 
and  also  in  other  animals  whose  heart  had  been 
denuded,  when  the  animal  was  remaining  calm  and 
quiescent,  the  action  of  the  heart  proceeding  with 
great  regularity,  that  suddenly,  as  if  by  a strong 
impulse,  the  auricles  commenced  to  contract  with 
great  energy,  and  transmit  the  blood  rapidly  into 
the  ventricle,  increasing  its  action ; and  these  move- 
ments would  continue  for  a time,  and  then  subside,  the 
calm  and  uniform  action  of  the  heart  being  restored. 

During  our  experiments  on  large  warm-blooded 
animals,  we  have  found  the  heart,  immediately  after 
being  denuded,  beat  at  60  pulsations  per  minute  and 
upwards.  And  on  carefully  examining  its  action,  both 
by  placing  our  fingers  against  its  parietes,  and  observ- 
ing its  movements  with  the  eye,  we  perceived  that  the 
blood  passed  rapidly  along  the  veins  to  the  auricles ; 
and  that  the  auricle  on  its  parietes  becoming  tense 
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communicated  a strong  impulse  to  the  fingers  that 
pressed  it  at  the  moment.  Cruveilhier  believes  that  it 
is  during  the  dilatation  of  the  auricles,  that  an  expand- 
ing force  is  exerted  by  the  parietes,  but  it  is  when 
distention  has  been  attained,  and  the  systole  has  com- 
menced; for  the  fibres  being  shortened,  the  parietes 
are  rendered  tense  ; and  by  the  force  of  the  contraction 
expand,  and  are  thrown  outwards,  communicating  an 
impulse  to  the  fingers. 

We  therefore  conclude  that  the  diastole  of  the  auricles 
depends  on  the  same  principle,  and  is  produced  in  a 
similar  manner  as  the  diastole  of  the  ventricles  ; but 
that  independent  of  this  the  auricles  are  susceptible  of 
being  excited  by  a stimulus  conveyed  through  the 
nervous  system,  causing  them  to  contract  with  greater 
vigour,  and  impart  a stimulus  to  the  ventricle,  increas- 
ing the  action  of  the  heart. 

CONTRACTION  OF  THE  VENTRICLE. 

When  the  ventricle  commences  to  contract,  its 
parietes  are  rapidly  brought  into  the  same  plane  with 
those  of  the  aorta,  so  that  the  blood  passes  as  it  were 
along  the  same  tube  ; and  the  contraction  takes  place 
with  an  impulse,  the  walls  of  the  ventricle  becoming 
tense  and  firm,  and  expanding  with  a force  that  com- 
municates  a shock  to  the  fingers  ; and  in  large  warm- 
blooded  animals  opens  up  the  hand  that  seizes  the 
ventricle,  whilst  the  blood  is  being  expelled  from  the 
cavity.  During  the  diastole,  the  fibres  of  the  ventricle 
are  soft,  smooth,  and  compressible:  during  the  systole, 
tense,  firm,  and  resisting.  And  if  we  examine  this 
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phenomenon  in  cold-blooded  animals,  where  it  can  be 
most  distinctly  discerned,  we  perceive  that  the  ventricle 
is  first  brought  to  the  point  of  distention  by  the  force 
of  the  blood  from  the  auricles,  and  that  when  distended 
its  parietes  are  still  smooth  and  soft — beginning  to 
grow  tense.  And  as  the  contraction  commences  an 
impulse  proceeds  from  the  apex  to  the  base,  the  fibres 
becoming  rapidly  firm  and  tense  over  all  the  ventricle, 
and  the  lateral  parietes  expanding  with  considerable 
force  ; the  pressure  of  the  fingers  being  always 
more  resisted  there  than  at  the  apex.  And  in  large 
warm-blooded  animals,  when  the  action  of  the  denuded 
heart  was  slow,  we  have  observed,  that  as  the  auricles 
contracted,  and  sent  their  wave  of  blood  into  the 
ventricle,  an  undulation  passed  along  the  parietes, 
which  still  felt  soft  and  compressible ; but  the  moment 
the  systole  commenced,  the  parietes  became  suddenly 
tense  and  firm,  opening  up  the  hand  that  grasped  them. 
And  the  force  exerted  by  contraction  of  the  auricles 
was  not  so  strong  as  that  of  the  lateral  expansion  of  the 
ventricular  parietes. 

Physiologists,  however,  have  connected  this  phe- 
nomenon with  the  diastole,  rather  than  with  the 
systole  of  the  ventricles  ; believing  that  as  the 
fingers  are  forced  open,  the  ventricle  must  be  dilat- 
ing, and  that  it  is  inconsistent  to  suppose  that 
the  parietes  could  expand  when  the  ventricle  had 
commenced  to  contract  and  expel  the  blood  from  its 
cavity. 

Hence  Pechlin,  Perrault,  Bichat,  Cruveilliier,  and 
several  other  physiologists  who  have  observed  the 
action  of  the  heart  when  it  was  exposed  in  living 
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animals,  considered  that  it  is  during  the  diastole  of  the 
ventricle,  when  it  is  receiving  an  accession  of  blood 
into  the  cavity,  that  the  hand  is  opened  up. 

Dr.  J.  B.  Williams  in  his  observations  on  the  action 
of  the  heart,  states,  that  the  diastole  of  the  ventricle  in 
large  warm-blooded  animals,  in  whatever  manner  it 
may  be  accounted  for,  takes  place  with  a force  sufficient 
to  open  up  the  closed  hand.  And  Dr.  Hope  observes, 
“that  at  each  systole,  the  sudden  tension  of  the 
ventricle  was  such  as  to  produce  an  abrupt  shock  to 
the  fingers  placed  on  any  part  of  it,  with  which 
shock  the  first  sound  exactly  coincided ; and  the 
impulse  from  lateral  expansion  was  greatest  at  the 
margins  of  the  auricular  orifices,  there  throwing  out 
the  fingers  with  a sudden  jerk.”  And  the  Dublin 
committee  in  the  course  of  their  investigations  into  the 
action  of  the  heart,  remark,  “ The  ventricles  with  a 
rapid  motion  assumed  a somewhat  globular  form  in 
their  middle  part,  and  during  their  continuance  in  this 
state,  they  were  hard  to  the  touch,  and  if  grasped  by 
the  hand  at  the  commencement  of  the  movement  they 
communicated  a shock  or  impulse,  and  separated  the 
fingers.” 

In  these  observations,  Pechlin,  Perrault,  Bichat, 
Cruveilhier,  and  Dr.  Williams,  speak  of  the  ventricle 
as  opening  up  the  hand  during  the  diastole.  Whilst 
Dr.  Hope,  in  describing  the  same  act,  speaks  of  it  as 
occurring  during  the  systole  of  the  ventricle.  The 
shock  imparted  to  the  hand  coincided  exactly  with 
the.  first  sound,  and  we  know  that  it  occurs 
during  the  contraction  of  the  ventricle.  And  the 
Dublin  committee  state  that  the  ventricle  was  hard 
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to  the  touch,  that  is,  in  a state  of  tension,  and  conse- 
quently contracting  when  the  shock  or  impulse  was 
imparted  to  the  hand. 

These  statements  show  the  great  difficulty  that 
physiologists  have  had  in  classifying  this  movement, 
whether  to  refer  it  to  the  diastole  or  the  systole  of  the 
ventricle,  which  undoubtedly  arises  from  the  manner 
in  which  the  action  takes  place — the  ventricle  feeling 
to  the  touch  as  it  it  were  dilating,  whilst  it  is  contract- 
ing with  an  impulse. 

In  explanation  of  this  fact  we  may  observe,  that  the 
longitudinal  axis  of  the  ventricle  is  shortened  during 
contraction,  and  the  parietes  of  the  ventricle,  though 
strongly  muscular,  partake  much  during  life  of  the 
character  of  fibrous  elastic  tissue,  expanding  by  the 
force  of  the  contractile  energy  exerted.  And  when  the 
ventricle  is  brought  to  the  point  of  distention  by  the 
blood  from  the  auricles,  another  force  is  immediately 
gained  as  the  contractile  energy  commences.  Just  as 
an  artery  always  reacts  with  greater  force  than  that 
by  which  it  is  excited,  so  the  ventricle,  whilst  a 
constant  ratio  exists  between  its  power  and  that  of 
the  auricles,  contracts  with  greater  energy  than  it 
leceives  from  them  5 and  the  left  ventricle,  being  more 
muscular,  contracts  with  greater  force  than  the  right. 
Hence,  when  the  ventricle  gives  the  impulse  that  com- 
municates the  shock  to  the  hand,  the  parietes  being 
then  rendered  tense,  are  thrown  outwards  and  expand, 
from  the  force  of  the  contractile  energy  exerted ; the 
strong  contractile  action  that  shortens  the  ventricle, 
producing  the  lateral  expansion,  whilst  the  blood  is 
propelled  into  the  aorta. 
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We  denuded  the  heart  of  a turtle,  June  3rd,  and  on 
the  action  amounting  to  32  pulsations  per  minute,  the 
auricles  contracting  synchronously  with  the  commence- 
ment of  the  diastole  of  the  ventricle,  we  observed, 
that  as  the  auricle  projected  the  blood  into  the 
ventricle,  it  swelled  out  and  dilated  till  it  attained  the 
point  of  distention  ; it  then  immediately  contracted, 
its  parietes  expanding  with  considerable  force,  resisting 
the  pressure  of  the  fingers  applied  to  them.  This  was 
more  particularly  the  case  at  the  base  of  the  ventricle 
and  with  the  transverse  diameter  than  the  longitudinal 
axis  of  the  ventricle.  The  longitudinal  axis  was 
distinctly  shortened  as  the  transverse  diameter  was 
increased.  But  at  this  moment  every  portion  of  the 
parietes  felt  tense ; and  this  condition  increased  as  the 
blood  was  expelled,  the  ventricle  being  contracted 
towards  the  orifice  of  the  aorta.  In  another  turtle 
where  the  circulation  had  ceased,  but  the  auricles  and 
ventricle  continued  for  a time  to  contract  and  dilate 
with  considerable  energy,  on  applying  a stimulus  to 
the  ventricle  whilst  it  was  soft  and  relaxed,  and  excit- 
ing the  systole,  the  parietes  quickly  became  tense,  and 
expanded  with  a force  that  separated  the  fingers  and 
thumb,  as  the  ventricle  contracted.  And  then  the 
parietes  suddenly  relaxed,  and  felt  soft  and  flaccid. 
On  being  again  excited  by  the  stimulus  or  by  the 
irritation  produced  by  contraction  of  the  auricles,  the 
movements  were  repeated,  the  parietes  of  the  ventricle 
becoming  tense  and  firm,  and  expanding  in  a similar 
manner:  which  phenomenon  could  not  be  produced 
by  the  impetus  of  the  blood  against  the  internal  parietes 
of  the  ventricle,  for  only  a small  portion  was  now  con- 
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tained  in  the  ventricle.  But  the  parietes  were  here 
distinctly  contracting  as  they  expanded  and  threw  out 
the  fingers.  And  in  our  experiments  on  large  warm- 
blooded animals,  when  the  action  of  the  denuded 
heart  was  maintained  with  great  vigour,  beating  at  the 
rate  of  64  and  66  pulsations  per  minute,  on  grasping 
the  ventricle  with  the  hand,  we  perceived  that  on  the 
auricles  contracting,  and  sending  the  blood  with  an 
impetus  into  the  ventricle,  the  parietes  were  rapidly 
brought  to  the  point  of  distention,  and  as  the  contractile 
action  commenced  the  parietes  expanded  with  a force 
that  opened  up  the  hand,  the  walls  being  rendered 
more  apart,  whilst  the  ventricle  was  slightly  curved  in 
the  centre,  and  the  apex  tilted  up.  And  when  the 
ventricle  has  been  exposed  in  large  warm-blooded 
animals,  as  the  horse,  and  the  circulation  is  brought 
to  a stand,  it  is  found  that  the  ventricle  continues 
susceptible  of  a stimulus  for  a short  time,  and  on  being 
irritated  starts  up  at  intervals,  and  its  walls  expand  with 
a force  that  opens  up  the  hand  grasping  them ; which 
act  is  viewed  by  physiologists  as  the  dilatation  of  the 
ventricle,  but  great  difficulty  has  been  experienced  in 
accounting  for  the  force  with  which  it  is  performed. 
It  cannot  depend  on  the  relaxation  of  the  muscular 
fibres,  for  it  is  a general  law  that  the  parietes  are 
then  soft  and  compressible.  And  it  cannot  be  produced 
by  the  impetus  of  the  blood  from  the  auricles,  for  the 
circulation  has  now  ceased  through  both  cavities. 
Besides,  this  phenomenon  takes  place  totally  in- 
dependent of  the  auricles,  on  the  stimulus  or  irritation 
being  applied  to  the  parietes  of  the  ventricle  itself. 
Hence  many  physiologists  have  thought  that  the 
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ventricle  is  possessed  of  an  actively  dilating  power 
inherent  in  the  parietes  by  which  this  force  is  exerted. 
Whilst  others  have  supposed  that  there  are  two  sets  of 
fibres  connected  with  the  ventricle — one  for  contrac- 
tion, and  another  for  dilatation.  But  the  phenomenon 
admits  of  an  easy  explanation — the  ventricle  is  now 
contracting  and  not  dilating. 

When  the  ventricle  remains  at  rest,  it  is  in  a dilated 
state,  its  fibres  soft,  lax,  and  compressible.  But  when 
it  starts  up  on  being  irritated,  it  is  in  a contracting 
state,  its  parietes  becoming  firm  and  tense,  opening  up 
the  hand  as  its  transverse  diameter  expands  on  its 
longitudinal  axis  being  shortened.  If  the  circulation 
had  been  maintained  the  blood  would  have  passed  into 
the  ventricle  from  the  auricle,  when  its  walls  are  lax 
and  flaccid,  and  on  being  brought  to  the  point  of  dis- 
tention, contraction  would  have  commenced  and  been 
accomplished  in  the  manner  in  which  it  is  now  per- 
formed. But  when  we  see  the  ventricle  empty  of 
blood  on  being  irritated  suddenly  become  tense  and 
expand  with  force,  resisting  the  pressure  of  the  fingers, 
we  imagine  it  is  dilating,  but  it  is  actually  contracting 
at  the  moment. 

There  are  two  things  then  that  particularly  demand 
our  attention.  1.  The  ventricle  at  this  moment  passes 
from  a dilated  or  relaxed  state  into  one  that  is  firm 
and  tense ; and  it  is  not  the  impetus  of  the  blood 
from  the  auricles  against  the  internal  parietes  of  the 
ventricle  that  gives  the  shock  or  impetus  to  the  hand, 
but  it  is  on  the  parietes  becoming  tense,  that  is,  by 
the  fibres  contracting,  that  the  shock  is  communicated 
and  the  fingers  thrown  out.  2.  The  ventricle  is  a 
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liollow  muscle  distensible,  and  in  some  measure  pos- 
sessed of  the  power  of  clastic  tissue,  and  does  not  bring 
its  sides  and  parietes  into  close  apposition  in  expelling 
the  blood  from  the  cavity,  but  contracts  from  its  apicial 
extremity  to  its  base,  and  as  its  longitudinal  fibres  are 
shortened,  its  lateral  parietes,  becoming  tense,  are 
thrown  outward  and  expand  from  the  force  exerted, 
and  as  this  takes  place  with  an  impulse,  the  blood  is 
rapidly  propelled  into  the  aorta,  and  the  aorta  in- 
stantly pulsates.  It  is,  then,  in  the  shortening  of  the 
ventricle  whilst  the  parietes  are  simultaneously  ren- 
dered  tense,  that  the  phenomenon  of  lateral  expansion 
is  produced,  by  which  the  shock  is  communicated  to 
the  hand.  And  the  rapid  shortening  of  the  fibres 
depends  on  the  strong  contractile  impulse  exerted,  in 
the  propulsion  of  the  blood-wave  from  the  ventricle 
into  the  aorta. 


SOUNDS  OF  THE  HEART. 

In  every  class  of  animals  in  which  we  have  examined 
the  action  of  the  heart,  we  have  found  that  the  ventricle 
contracts  towards  the  orifice  of  the  aorta  or  vessel  that 
conveys  the  blood  from  the  ventricle  into  the  system ; 
the  mode  of  contraction  being  evidently  designed  to 
facilitate  the  passage  of  the  blood  from  the  respective 
ventricle  into  the  aorta  or  pulmonary  artery. 

In  contracting,  the  ventricle  does  not  continue  its 
action  till  the  whole  of  the  blood  is  exj)elled.  It  only 
contracts  to  an  extent  proportionate  with  the  impetus 
received  from  the  auricles,  expelling  a certain  amount 
of  blood  termed  the  blood- wave. 
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June  29. — Took  a large  turtle,  and  removed  a por- 
tion of  the  sternum  or  bone  that  covers  the  thorax, 
leaving  the  thoracic  parietes  uninjured ; and  observed 
the  action  and  listened  to  the  sounds  of  the  heart. 

When  the  ventricle  contracts  and  propels  the  blood 
into  the  aorta,  it  raises  up  slightly  the  parietes  of  the 
thorax,  and  we  can  distinctly  follow  the  course  of  the 
blood  from  the  ventricle  into  the  arch  of  the  aorta,  by 
the  heaving  up  or  elevation  of  the  muscular  parietes. 
There  appears  to  be  two  impulses  or  movements,  first, 
that  of  the  contraction  of  the  ventricle  ; second,  that 
of  the  distention  and  reaction  of  the  aorta,  which  take 
place  simultaneously,  and  are  synchronous  with  the 
first  sound  of  the  heart. 

The  heart  having  been  fully  denuded,  the  animal 
continued  strong  and  vigorous,  moving  about  with 
great  energy,  and  survived  several  days.  Pulsations, 
32  per  minute. 

We  applied  the  stethoscope  and  listened  to  the 
sounds  of  the  heart.  Both  sounds  are  distinctly  heard  ; 
the  first — a dull  and  prolonged  sound  terminating  by 
a sort  of  knock,  or  as  if  a piece  of  cloth  or  leather  were 
fully  stretched  out,  or  extended  to  its  ultimatum — is 
heard  most  distinctly  over  the  semilunar  valves,  at  the 
origin  of  the  aorta  or  a little  above  it,  and  synchronous 
with  the  contraction  of  the  ventricle  and  pulsation  of 
the  aorta.  The  second  sound  immediately  follows  the 
first ; is  a short,  sharp  sound,  like  that  produced  by 
the  tongue  striking  the  roof  of  the  mouth,  and 
occurs  during  the  contraction  of  the  auricles,  as  they 
pour  their  blood  with  force  into  the  ventricles  during 
the  diastole  of  the  latter. 
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When  the  ventricle  contracts,  the  blood  passes  rapidly 
into  the  aorta,  which  becomes  more  curved  and  tense, 
the  contraction  proceeding  from  the  apex  to  the  base, 
and  as  it  reaches  the  muscular  fibres  around  the  origin 
of  the  aorta  they  contract  with  energy,  passing  below 
the  semilunar  valves,  constricting  the  part,  and  sending 
the  last  portion  of  the  blood-wave  into  the  aorta  with 
force ; the  aorta  starts  up,  and  the  rapid  reaction  of 
the  distended  parietes  causes  the  blood  to  recoil  against 
the  semilunar  valves  and  shut  them,  as  it  imparts  an 
impulse  to  the  wave,  the  fibres  of  the  ventricle  being 
contracted  behind  the  aorta,  as  if  supporting  the 
valves,  whilst  the  blood  recoils  against  them — syn- 
chronous with  which  the  first  sound  of  the  heart  attains 
intensity  and  terminates. 

The  sound  commences  as  the  blood  passes  with 
force  through  the  aortic  foramen,  and  terminates  in 
the  aorta,  as  the  blood  is  thrown  back  against  the 
valves  and  shuts  them,  whilst  the  aorta  pulsates.  Some- 
times a little  roughness  or  bruit  attends  this  sound, 
which  disappears  as  the  ventricle  contracts  with  greater 
vigour.  The  sound  is  distinctly  heard  through  the 
medium  of  the  stethoscope,  or  by  the  naked  ear  applied 
over  the  heart,  and  as  many  as  30  pulsations  can  be 
counted  at  a time  without  interruption. 

Immediately  after  the  contraction  of  the  ventricle 
and  impulse  of  the  aorta  terminate,  the  auricles  con- 
tract ; and  as  they  propel  their  blood  into  the  ventricle, 
the  second  sound  of  the  heart  is  heard.  It  is  a short, 
sharp  sound,  distinctly  recognised  through  the  medium 
of  the  stethoscope.  It  appears  to  be  deeper-seated, 
and  not  so  near  the  car  as  the  first  sound,  and  is  heard 
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at  the  side  of  the  aorta,  in  the  position  of  the  auricles 
pouring  their  hlood  into  the  ventricle.  1 he  whole  of 
the  auricles  now  contract,  and  not  a part  of  them,  and 
as  they  pour  their  hlood  with  force  into  the  vcntuclc, 
the  second  sound  of  the  heart  is  produced. 

July  3rd. — Denuded  the  heart  of  a large  turtle , 
observed  the  action,  and  listened  to  the  sounds. 

When  the  ventricle  contracts,  it  sends  with  an 
impulse  the  wave  of  blood  into  the  aorta,  distending 
its  walls,  and  the  aorta  simultaneously  contracts  from 
its  origin,  shutting  the  valves  and  rendering  the  arch 
more  curved  as  the  blood  is  impelled  along  it,  the  ven- 
tricle being  contracted  when  the  aorta  pulsates.  Syn- 
chronous with  the  contraction  of  the  ventricle  and  pul- 
sation of  the  aorta,  the  first  sound  is  heard,  and  is 
produced  by  the  blood  being  propelled  with  force 
through  the  aortic  foramen  and  the  wave  that  has 
entered  the  aorta  recoiling  against  the  valves  as  it  is 
impelled  onwards.  Hence  the  sound  is  dull  and  pro- 
longed, and  heard  most  distinctly  over  the  semilunar 
valves  as  they  shut.  Immediately  after  the  aorta 
pulsates,  the  auricles  contract  with  an  impulse,  and  as 
they  propel  the  blood  into  the  ventricle  through  the 
ventricular  foramen,  the  second  sound  is  heard.  It  is 
a short,  sharp  sound,  and  appears  at  a greater  distance 
than  the  first  sound,  as  the  auricles  are  here  deeper 
seated  than  the  arch  of  the  distended  aorta. 

The  first  sound  ascends  in  the  course  of  the  blood 
from  the  ventricle  along  the  aorta.  But  the  second 
sound  descends  in  the  path  of  the  blood  from  the 
auricles  into  the  ventricle ; so  that  it  is  heard  in  a 
lower  position  than  the  first  sound. 
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io  second  sound  is  recognised  at  tlie  commence- 
ment of  the  contraction  of  the  auricles,  immediately 
o owing  the  first  sound,  and  is  most  distinct  over  the 
nun culo- ventricular  foramen,  as  the  blood  is  sent  with 
force  into  the  ventricle  distending  its  walls.  And  a 
ongor  interval  of  silence  occurs  between  the  second, 
and  the  commencement  of  the  first  sound ; because  the 
ventricle  on  being  distended,  commences  to  contract 
with  an  impulse  towards  the  aorta,  and  the  first  sound 
is  produced  as  the  blood  is  propelled  with  force 
through  the  aortic  foramen  and  the  aorta  pulsates  at 
its  origin,  shutting  the  valves. 

On  the  vigorous  action  of  the  heart,  the  auricles 
which  have  been  refilling  during  contraction  of  the 
ventricle  commence  to  contract  immediately  after  the 
aoita  pulsates  and  the  first  sound  terminates.  But 
when  the  action  of  the  heart  grows  slower  the  auricles 
are  later  in  commencing  to  contract,  so  that  they 
appear  rather  to  precede  immediately  the  succeeding 
contraction  of  the  ventricle  than  succeed  the  preceding 
ventricular  contraction.  And  it  is  this  circumstance 
of  viewing  the  action  of  the  heart  when  it  is  becoming 
slower,  that  has  led  experimentalists  to  believe  that 
the  contraction  of  the  auricles  could  not  account  for 
the  second  sound  of  the  heart,  which  so  immediately 
follows  the  first  sound. 

We  tested  this  question  of  the  sounds  of  the  heart 
witli  the  greatest  care  and  attention,  when  the  peri- 
cardium had  just  been  slit  open,  and  the  action  of  the 
heart  strong  and  vigorous.  Pulsations  40  per  minute. 
Temperature  of  day  92°  Fahrenheit,  in  the  shade. 
On  applying  the  stethoscope  and  carefully  avoiding 
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pressure,  we  counted  1,  2,  3,  4,  5,  6,  &c.,  as  we  lieaid 
the  first  sound  of  the  heart,  and  several  gentlemen  who 
observed  the  action,  distinctly  perceiv ed  that  the  v on- 
tricle  contracted  and  the  origin  of  the  aorta  pulsated 
as  we  mentioned  the  numbers.  And  on  listening  to  the 
second  sound,  it  was  also  clearly  found  that  the  auricles 
contracted  as  we  counted  1,  2,  3,  4,  5,  6,  &c.,  thus 
putting  it  beyond  all  doubt  that  the  first  sound  of  the 
heart  is  produced  during  contraction  of  the  ventricle 
and  pulsation  of  the  origin  of  the  aorta;  and  the 
second  sound  is. produced  during  contraction  of  the 
auricles,  as  the  blood  is  propelled  into  the  ventricle. 

The  ventricle  then  contracts,  propelling  the  blood- 
wave  with  force  into  the  aorta,  distending  its  walls, 
and  the  aorta  simultaneously  reacts  from  its  origin, 
shutting  the  valves  as  it  gives  the  impulse  to  the  wave. 
And  the  first  sound  of  the  heart  is  distinctly  heard 
over  the  semilunar  valves,  whilst  the  ventricle  is  still 
contracted  and  the  arch  of  the  aorta  more  curved  and 
tense.  And  the  second  sound  is  heard  immediately 
after  the  first  as  the  auricles  contract  and  send  the 
blood  with  an  impulse  into  the  ventricle. 

We  performed  similar  experiments  on  several  other 
turtles  during  the  highest  temperature  of  the  season, 
and  with  precisely  the  same  results.  In  some  cases  the 
action  of  the  heart  amounted  to  36  pulsations  per 
minute,  in  others  to  40  and  even  50  per  minute ; but 
in  general  36  to  40  pulsations  per  minute  were  the 
highest  attained. 

The  ventricle  in  contracting  propelled  its  wave  of 
blood  with  force  into  the  aorta,  distending  its  walls, 
and  the  aorta,  reacting  with  a power  superior  to  that 
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by  which  it  was  distended,*  caused  the  blood  to  recoil 
against  the  semilunar  valves  and  shut  them,  as  it 
imparted  its  impetus  to  the  wave,  the  ventricle  being- 
contracted  behind  the  valves,  when  the  impulse  of  the 
aorta  is  exerted,  synchronous  with  which  the  first 
sound  of  the  heart  is  distinctly  recognised  over  the 
semilunar  valves,  or  a little  above  that ; the  impulse  of 
the  aorta  preceding  the  pulse  at  the  extremity  of  the 
arteries  by  a very  short  interval. 

1 he  fibres  of  the  ventricle  relax  as  the  auricles  con- 
tract, and  the  parietes  of  the  aorta  at  the  same  time 
become  straighter,  and  attain  an  interval  of  rest,  till 
the  ventricle  contracts  and  again  distends  the  aorta, 
there  being  the  closest  connection  between  the  con- 
dition of  the  ventricle  and  that  of  the  aorta. 

Dr.  Hope,  as  the  result  of  his  experiments  on  the 
sounds  of  the  heart,  concluded  that  the  first  sound 
depends  on  three  causes : First,  a degree  of  valvular 
sound,  produced  by  the  blood  recoiling  against  the 
aunculo-ventricular  valves ; second,  a sudden  jerking 
extension  of  the  muscular  walls  of  the  ventricle,  as  a 
sound  is  produced  by  the  extension  of  the  leather  of 
a pair  of  bellows,  which  he  termed  the  sound  of  ex- 
tension ; third,  a prolongation  or  increase  of  this  sound 
by  the  sonorous  vibrations  peculiar  to  muscular  fibre. 
I)r.  Williams  maintains  that  the  first  sound  of  the 
heart  is  produced  chiefly  by  the  muscular  contraction 
itself,  and  that  as  a general  law  a sound  accompanies 
every  rapid  muscular  contraction  ; but  he  considers 
that  the  tightening  of  the  auriculo-ventricular  valves 
also  contributes  to  the  production  of  the  first  sound. 

* Poisseuille. 
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The  Dublin  Committee,  as  the  result  of  their  experi- 
ments on  the  sounds  of  the  heart,  concluded  that  the 
first  sound  is  produced  either  by  the  rapid  passage  of 
the  blood  along  the  internal  surface  of  the  ventricles 
on  its  way  to  the  mouths  of  the  arteries,  or  by  the 
bruit  musculaire  itself,  or  probably  by  both  these  causes 
combined  ; whilst  the  London  Committee  attributed 
the  first  sound  to  muscular  contraction,  but  considered 
that  the  impulse  of  the  heart  against  the  thorax  may 
occasionally  act  as  an  auxiliary  cause  in  increasing  the 
intensity  of  the  sound.  M.  Cruveilhier,  as  the  result 
of  his  observations,  states  that  the  first  sound  is  heard 
most  distinctly  at  the  origin  of  the  large  arteries,  and 
diminishes  as  we  approach  the  apex  of  the  heart.  And 
Carpenter  concludes  that  the  principal  cause  of  the 
first  sound  exists  at  the  entrances  to  the  arterial 
trunks.  And  it  does  not  seem,  he  states,  that  any 
other  reason  can  be  assigned  for  it  than  the  prolonged 
rush  of  blood  through  their  orifices,  and  the  throwing 
back  of  the  semilunar  valves  ; which,  in  suddenly  flap- 
ping down  again,  produce  the  second  sound  A 

From  these  statements  it  appears  that  physiologists 
have,  in  general,  confined  the  first  sound  of  the  heart 
to  the  action  of  the  ventricle  ; but  that  M.  Cruveilhier 
and  Carpenter  believe  that  it  is  connected  with  the 
entrance  of  the  blood  into  the  aorta  and  pulmonary 
artery — a view  which  we  consider  the  nearest  ap- 
proach to  the  real  cause  of  the  first  sound  of  the 
heart. 

We  must  further  observe,  it  is  considered  an  esta- 
blished fact  in  physiology,  that  the  first  sound  of  the 

* Carpenter’s  “Physiology,”  p.  419. 
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licart  is  synchronous  with  the  contraction  of  the  von- 
ncle  and  also  with  the  pulsation  of  the  aorta,  or  as  it  is 
ei  nu  , with  the  pulse  of  the  arteries  near  the  heart 
Carpenter  says  * that  “ the  first  sound  is  evidently  syn- 
chronous with  the  impulse  of  the  heart  against  the 
parietes  of  the  chest,  and  also  with  the  pulse  as  felt 
near  the  heart.”  Dr.  Wood  states,  f “ The  first  sound 
is  heard  during  the  contraction  or  systole  of  the  ven- 
tricle, and  is  synchronous  with  the  beating  of  the 
ventricle,  and  with  the  pulsation  in  the  large  arteries 
near  the  centre  of  circulation,  but  anticipates  by  a 
very  minute,  but  still  appreciable  interval,  the  pulse  of 
the  wrist.”  Muller  observes, $ “ The  pulsation  of  the 
arteries  near  the  heart  is  synchronous  with  the  systole 
of  the  ventricle.”  And  Dr.  Hope  maintains  § that, 
“ synch^nous  with  the  systole  of  the  ventricle  are,  the 
first  sound,  the  impulse  of  the  apex  against  the  ribs, 
and  in  vessels  near  the  heart,  the  pulse;  but  in  vessels 
at  some-  distance  as  the  radial,  the  pulse  follows  at  a 
barely  appreciable  interval.”  From  this  united  testi- 
mony of  physiologists,  it  must  be  admitted  that  the 
first  sound  of  the  heart  is  synchronous  with  the  con- 
traction of  the  ventricle  and  pulsation  of  the  aorta. 

But  the  aorta  cannot  pulsate  without  the  blood 
recoiling  against  the  semilunar  valves,  and  shutting 
them  as  it  is  impelled  onwards.  If  the  blood  had  been 
sent  along  the  aorta  in  a constant  stream,  there  would 
have  been  no  shutting  of  the  valves  in  its  onward 
coui  sc.  But  the  blood  is  propelled  by  the  ventricle, 

* Carpenter’s  “ Physiology,”  p.  418. 
t Wood’s  “Medicine.”  Philadelphia, 
t Muller’s  “ Physiology,”  p.  699. 

§ Hope  on  “ The  Heart,”  p.  56. 
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par  saccadcs,  in  successive  waves,  and  as  eacli  wave  is 
sent  with  force  into  the  aorta,  it  distends  its  walls,  and 
the  aorta  instantly  reacts,  shutting1  the  valves  by  the 
rebounding  of  the  wave  as  it  is  impelled  onwards. 
And  the  ventricle  is  fully  contracted  at  the  origin  of 
the  aorta,  as  if  supporting  the  valves,  whilst  this  im- 
pulsive movement  takes  place.  The  distending  force 
of  the  ventricle  ceases  as  the  last  portion  of  the  wave 
enters  the  aorta,  but  it  is  now  within  the  valves,  and 
the  parietes  return  on  their  contents  with  an  energy 
superior  to  that  by  which  they  were  distended,  throw- 
ing the  blood  against  the  valves  and  shutting  them,  as 
an  impulse  is  exerted  on  the  wave ; the  impulse  of  the 
aorta  being  succeeded  by  the  pulse  at  the  wrist,  by 
only  an  appreciable  interval  of  about  one-thirtieth  of 
a second.*  Hence,  it  is  during  the  onward  course  of 
the  blood  that  it  recoils  against  the  aortic  valves,  just 
as  the  fluid  in  the  forcing  pump  reacts  against  the 
valves,  during  the  lateral  pressure  that  propels  it 
forward. 

We  have  seen  in  the  course  of  our  experiments  that 
the  first  sound  of  the  heart  is  heard  most  distinctly 
over  the  semilunar  valves,  at  the  origin  of  the  aorta, 
and  occurs  as  the  aorta  pulsates  and  the  valves  shut. 
During  the  ventricular  systole  the  blood  is  sent  rapidly 
into  the  aorta,  rendering  it  more  curved  and  tense ; 
and  as  the  contraction  reaches  the  muscular  fibres  at 
the  origin  of  the  aorta  they  contract  with  energy, 
passing  behind  the  semilunar  valves,  constricting  the 
part,  whilst  the  aorta  becomes  fully  distended  and  re- 
acts, throwing  the  blood  against  the  valves,  and 

* Muller’s  “ Physiology,”  p.  176. 
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shutting  them,  by  the  impetus  given  to  the  wave.* 
mmcdiately  after  this,  the  ventricle  commences  to 
dilate  as  the  auricles  contract,  and  the  parietes  of  the 
aoita  grow  straighter,  and  recover  their  former 
situation,  till  the  ventricle  again  contracts,  and  the 
movements  are  repeated. 

4 liese  facts  seem  to  establish  the  proposition  that 
the  blood  recoils  against  the  aortic  valves  and  shuts 
them  duiing  the  ventricular  systole,  and  not  during  its 
diastole  ; and  that  the  sound  which  is  then  produced 
is  the  first  sound  of  the  heart.  It  commences  as  the 
blood  is  projielled  with  force  through  the  aortic  fora- 
men, and  attains  its  intensity  in  the  aorta,  as  it  re- 
acts on  the  advancing  wave.  It  is  a dull  and  pro- 
longed  sound,  fully  brought  out  at  its  termination  ; 
synchronous  with  the  contraction  of  the  ventricle  and 
impulse  of  the  aorta,  and  precedes  the  pulse  at  the 

The  fact  that  during  the  ventricular  systole,  the  blood  recoils  against 
the  aoitic  valves  and  shuts  them,  on  pulsation  of  the  aorta  can  easily  be 
verified,  by  denuding  the  heart  of  a living  fish,  or  other  cold-blooded 
animal,  in  summer,  and  observing  the  phenomena. 

May  16th.  Denuded  the  heart  of  a perch  fish,  and  carefully  observed 
its  action. 

When  the  ventricle  contracted,  it  started  up  and  assumed  a curved 
form,  propelling  the  blood-wave  into  the  bulbous  aorta  or  vessel  that 
conveys  the  blood  from  the  ventricle  to  the  gills— distending  its  walls : 
the  ventricle  falling  a little  backward,  as  the  bulbous  aorta  swelled  out  and 
pulsated,  the  blood-wave  being  then  distinctly  seen  to  pass  along  the 
aich.  The  impulse  ol  this  aorta  took  place  as  <puick  as  the  eye  could 
follow  it  from  contraction  of  the  ventricle,  the  ventricle  being  still  con- 
tracted, whilst  tho  aorta  pulsated,  and  in  shutting  the  valves  the  aorta 
raised  itself  from  its  base,  becoming  smaller  and  narrower  as  it  pro- 
pelled the  blood  onward.  Immediately  after  this,  the  parietes  of  the 
ventricle  relaxed  as  the  auricle  contracted,  and  the  walls  of  the  aorta 
became  soft,  till  again  distended  by  the  blood-wave  from  the  ventricle. 
15ut  there  was  no  shutting  of  the  valves,  and  no  recoiling  of  the  blood 
against  them,  except  when  the  bulbous  aorta  pulsated,  and  that  was 
synchronous  with  the  contraction  of  the  ventricle. 


45 


extremities  of  the  arteries  by  only  an  appreciable 
instant. 

And  we  can  perceive  the  necessity  of  the  semilunai 
valves  being  shut,  and  sustained  by  the  ventricle 
contracted  behind  them,  as  the  full  impetus  of  the 
distended  aorta  is  imparted  to  the  blood-wave,  the 
impulse  recoiling  against  the  valves,  and  passing 
along  the  tube  with  such  rapidity  that  the  amount 
of  blood  which  enters  the  aorta  almost  simultaneously 
displaces  a similar  amount  at  the  extremities  of  the 
arteries, — communicated  to  the  veins. 

In  contraction,  the  force  which  the  ventricle  exerts 
is  spent  on  the  impetus  or  momentum  given  to  the 
wave  and  the  distention  of  the  aortic  parietes  ; but  as 
an  artery  always  reacts  with  increased  vigour,  the 
latter  force  is  more  than  regained  and  exerted  during 
the  arterial  systole. 

No  portion  of  the  first  sound  could  be  connected 
during  these  experiments  with  the  auriculo- ventricular 
valves,  because  a membranous  expansion,  very  small, 
of  the  internal  parietes,  or  lining  membrane  of  the 
ventricle  is  extended  over  the  orifices,  and  covers  the 
parts  completely  during  the  contraction  and  expansion 
of  the  walls  of  the  ventricle ; and  it  is  so  small,  and  so 
situated,  that  no  sound  can  be  produced  at  the  part 
during  the  ventricular  contraction. 

The  beat  of  the  facial  artery,  says  Muller,  which  is 
known  to  depend  on  the  contraction  of  the  ventricle, 
is  nearly  synchronous  with  the  heart’s  impulse,  being 
only  one-thirtieth  of  a second  later  than  it,  while  the 
second  sound  is  not  heard  until  one-fifth  of  a second 
after  the  impulse  ; consequently  the  second  sound  can 
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m no  respect  be  connected  with  the  pulsation  of  the 
aorta,  where,  as  we  have  shown,  a sound  is  produced. 
“ Tlie  second  sound,”  according  to  Dr.  Hope,  “ results 
fiom  the  sudden  expansion  of  the  semilunar  valves, 
occasioned  by  the  reflux  on  them  of  the  columns  of 
blood  in  the  aorta  and  pulmonary  artery  during  the 
ventricular  diastole.”  And  Dr.  Williams  says : “The 
second  sound  being  caused  solely  by  the  sudden  re- 
action of  the  arterial  columns  of  blood  on  the  semi- 
lunar valves,  its  loudness  will  depend  on  the  mobile 
and  perfect  state  of  these  valves,  and  the  extent  and 
abruptness  with  which  they  are  stretched  by  the  recoil 
of  the  blood,  at  the  moment  of  the  ventricular  diastole. 
It  will  therefore  be  most  perfect  when  the  heart  acts 
regularly  and  slowly,  giving  time  for  the  full  gush  of 
blood  to  carry  the  valves  loose  into  their  slight  recesses 
in  the  walls  of  the  artery,  and  for  the  as  perfect  reaction 
of  the  contents  of  the  distended  artery  on  their  con- 
cave surfaces.”  * But  if  the  second  sound  be  produced 
by  the  columns  of  blood  reacting  against  the  semi- 
lunar valves,  when  the  artery  is  distended,  that  must 
occur  during  the  ventricular  systole,  for  there  are  no 
columns  of  blood  in  the  aorta  and  pulmonary  artery 
during  the  ventricular  diastole.  The  blood  has  already 
been  propelled  forward  by  the  pulse  in  the  aorta  and 
pulmonary  artery  during  the  contraction  of  the  ven- 
tricle ; it  is  then  only  the  blood  that  remains  in  the 
contracted  arteries — that  is  in  the  arteries  after  the 
systole  has  taken  place — that  can  fall  back  and  recoil 
against  the  valves  during  the  diastole.  Dr.  John 
Reid,  whose  statements  are  more  explicit  on  this 

* Williams  on  “ The  Heart,”  p.  213. 
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subject,  says : “ Synchronous  with  tlie  first  sound  of 
the  heart,  we  have  the  impulse  of  the  heart  against 
the  chest,  and  the  propulsion  of  the  blood  along  the 
large  arteries.”  “ And  during  the  second  sound,  which 
is  synchronous  with  the  diastole  of  the  ventricle,  we 
have  the  regurgitation  of  part  of  the  blood  in  the 
large  arteries  upon  the  semilunar  valves,  throwing 
them  inwards  to  the  axes  of  the  vessels.”  “And  as  the 
second  sound  appears  to  be  produced  by  the  shock 
of  the  blood  upon  the  semilunar  valves,  its  intensity 
must,  in  a great  measure,  depend  upon  the  diastole  of 
the  ventricle  drawing  part  of  the  blood  back  upon 
them ; but  perhaps  more  particularly  upon  the  elas- 
ticity of  the  large  arteries  returning  suddenly  on  their 
contents  during  the  diastole  of  the  ventricle,  when  the 
distending  force  of  the  ventricle  has  been  withdrawn.”* 
This  observation  shows  that  Dr.  Reid,  who  performed 
numerous  experiments  on  the  action  of  the  heart, 
considered  that  the  reason  usually  assigned  by  phy- 
siologists for  the  cause  of  the  second  sound  was 
insufficient  to  account  for  it,  and  therefore,  he  says, 
perhaps  more  particularly  upon  the  elasticity  of  the 
large  arteries  returning  suddenly  on  their  contents. 
But  we  must  observe,  the  ventricle  during  its  diastole, 
cannot,  by  a sort  of  suction  power,  draw  the  blood 
back  upon  the  semilunar  valves  with  a force  sufficient 
to  produce  an  acute  and  sharp  sound  like  the  second 
sound  of  the  heart.  Besides,  the  dilatation  of  the 
ventricle  always  commences  at  the  auriculo-ventricular 
foramen,  and  when  the  action  of  the  heart  is  vigorous, 

“ Cyclopaedia  of  Anatomy  and  Physiology,”  London.  Art.  “ Heart,” 
by  Dr.  John  Eeid. 
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the  contraction  of  the  auricles  is  synchronous  with  the 
diastole  of  the  ventricle,  and  nothing  like  a suction 
power  then  exists  in  the  ventricle  to  joroduce  a reflux 
of  the  blood  in  the  aorta  against  the  semilunar  valves. 
And  as  regards  the  elasticity  of  the  arteries  returning 
suddenly  on  their  contents,  that  occurs  during  the 
systole  of  the  ventricle  when  the  blood  is  impelled 
forwards.  During  the  ventricular  diastole  the  arteries 
straighten  themselves,  and  the  aorta  feels  soft  and 
compressible,  and  is  in  a state  of  rest,  till  its  parietes 
are  distended  by  the  next  ventricular  contraction. 
And  in  the  course  of  our  experiments,  no  sound  was 
produced  in  the  aorta  during  the  ventricular  diastole. 

Physiologists  seem  to  think  that  the  contraction  of  the 
ventricle  propels  the  blood  along  the  arterial  tube  to  its 
extremity,  independently  of  the  action  of  the  semilunar 
valves  ; and  that  the  blood  in  the  distended  arteries 
recoils  against  the  valves  during  the  diastole  of  the  ven- 
tricle, and  produces  the  second  sound  of  the  heart.  But 
this  is  not  the  manner  in  which  the  heart  acts.  If  the 
ventricle  propelled  the  blood  along  the  arteries,  inde- 
pendent of  the  action  of  the  aortic  Amlves,  it  could 
not  relax  till  the  impulse  which  it  imparted  had 
reached  the  farthest  extremities  of  the  arteries,  com- 
municating the  amount  of  the  blood- wave  to  the  veins, 
in  which  case  the  arteries  would  no  longer  be  dis- 
tended with  blood ; for  if  the  ventricle  relaxed  before 
this  was  accomplished,  then  the  blood  would  fall  back, 
and  recoil  against  the  semilunar  valves,  and  shut 
them,  whilst  it  was  in  the  act  of  being  impelled  along 
the  arteries  to  their  extremities,  that  is,  during  the 
arterial  systole.  But  in  transmitting  the  blood  from 
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the  heart  to  and  through  the  arterial  system,  the 
ventricle  acts  in  concert  with  the  aorta  and  its 
valves.* 

And  the  aorta  is  not  a rigid  and  unyielding  tube,  in 
which  the  fluid  falls  back  against  the  valves  when  the 
propelling  force  has  been  withdrawn.  But  the  aorta  is 
distensible  and  elastic;  and  being  distended  by  the 
blood- wave  on  contraction  of  the  ventricle,  instantly 
reacts  or  pulsates,  forcing  the  blood  against  the  valves 
as  it  is  impelled  onwards.  And  this  occurs  whilst  the 
ventricle  is  contracted,  and  before  the  diastole  has 
commenced.  If  there  were  no  semilunar  valves,  the 
aorta  being  distensible  and  pulsative,  would  send  the 
blood  partially  back  into  the  ventricle  at  each  pulsa- 
tion ; but  the  valves  placed  there  prevent  its  return, 
and  the  impulse  of  the  aorta  which  completes  each 
successive  systole  of  the  ventricle  exerts  an  influence 
in  the  movement  of  the  blood  throughout  the  arte- 
ries, the  pulse,  as  we  have  stated,  being  felt  at  their 

* For  the  sake  of  illustration  we  may  be  permitted  to  allude  to  the 
action  of  the  single  forcing  pump,  which  it  somewhat  resembles.  The 
piston,  which  is  contained  in  the  working  barrel  at  the  base,  has  a range 
of  two  feet  or  upwards,  and  on  being  raised  immediately  descends  to  that 
extent,  the  valve  opening,  and  the  fluid  passing  readily  into  the  upper 
compartment  of  the  tube.  But  the  instant  the  upward  stroke  is  given  the 
valve  shuts  by  the  fluid  recoiling  against  it,  and  a distinct  sound  is  pro- 
duced; and  as  the  piston  is  elevated  to  the  limit  of  its  range,  viz.,  two 
feet,  it  exerts  a force  upon  the  whole  of  the  fluid  contained  in  the  tube, 
expelling  at  the  upper  extremity  an  amount  of  fluid  equal  to  what  had 
entered  at  the  base.  And  when  the  ventricle  contracts  it  sends  with  an 
impulse  the  wave  of  blood  into  the  aorta,  distending  its  walls,  and  tho 
aorta,  reacting  on  tho  blood  that  has  entored  it,  forces  it  against  the 
valves,  shutting  them,  and  produces  the  termination  of  the  first  sound  of 
the  heart  as  the  impetus  is  exorted  on  the  wave,  the  impulse  of  the  aorta 
being  synchronous  with  the  contraction  of  the  ventricle,  and  preceding 
at  a very  short  interval  the  pulse  at  the  extremity  of  the  arteries. 
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extremities  in  an  appreciable  short  interval  after  the 
aorta  pulsates. 

The  fact,  then,  that  the  aorta  is  distensible  and 
elastic  secures  its  reaction  on  the  blood,  and  shutting' 
of  the  valves  in  connection  with  the  ventricular 
systole. 

When  disease  exists  at  the  orifice  of  the  aorta, 
interfering  with  the  passage  of  the  blood  into  the 
foramen,  a bellows  sound  is  produced,  masking  the 
commencement  of  the  first  sound  of  the  heart ; and  if 
the  aortic  valves  be  incompetent  a murmur  is  also  pro- 
duced as  the  aorta  pulsates,  affecting  the  termination 
of  the  first  sound,  the  blood  recoiling  against  the 
valves  and  partially  regurgitating  into  the  ventricle, 
so  that  the  aortic  regurgitant  murmur  occurs  in  con- 
nection with  the  ventricular  systole,  and  not  with  its 
diastole,  as  is  generally  supposed.  In  proof  of  this 
we  may  observe,  if  the  blood  had  been  propelled  by 
the  ventricle  along  the  arteries,  independently  of  the 
action  of  the  aortic  valves,  their  incompetency  could 
not  affect  the  character  of  the  pulse.  But  in  all  these 
cases  the  pulse  is  described  as  a “jerking  pulse,  the 
pulse  of  unfilled  arteries,  shooting  like  a ball  beneath 
the  finger,”  because  the  blood,  instead  of  being  sent 
along  the  arteries  in  a full  stream,  partly  regurgitates 
through  the  aortic  valves  ; just  as  the  fluid  in  a jDump 
is  only  partially  expelled,  when  the  valve  in  the 
working  barrel  is  rendered  incompetent.  Physio- 
logists are  apt  to  think  that  this  murmur,  being  re- 
gurgitant, must  be  of  a diastolic  character,  and  that 
it  supplants  the  second  sound  of  the  heart;  but  it  is 
quite  the  reverse.  The  blood  only  recoils  against  the 
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valves  from  tlie  impulse  of  tlie  aorta  that  sends  it 
onward,  and  the  murmur  is  produced  at  the  aortic  in- 
competent valves  as  the  wave  advances.  And  in  anaemia 
we  have  the  bellows  murmur  well  defined  at  the  orifice 
of  the  aorta,  and  often  more  audible  a little  higher  up 
as  the  aorta  pulsates,  but  in  all  these  cases  the  blood 
is  passing  along  the  aorta  during  the  ventricular 
systole. 

When  disease  commences  in  the  aortic  valves,  and 
the  individual  is  subjected  to  much  physical  exertion, 
causing  the  ventricle  to  contract  and  distend  the  aorta 
with  energy,  the  reaction  of  the  aorta  on  the  blood- 
wave  may  be  performed  with  an  impetus  which  the 
valves  cannot  fully  sustain,  and  regurgitation  takes 
place  partially  into  the  ventricle.  We  perceive,  then, 
how  the  first  sound  of  the  heart,  produced  in  a state  of 
health  by  the  blood  being  propelled  through  the  aortic 
foramen,  and  recoiling  against  the  valves  on  the  pul- 
sation or  reaction  of  the  aorta,  is  converted  in  a state 
of  disease  into  the  aortic  obstructive,  and  regurgitant 
murmur,  which  take  place  during  the  ventricular 
systole,  as  the  blood  is  impelled  along  the  arteries. 
We  have  even  on  several  occasions,  in  the  course  of 
our  experiments,  when  the  action  of  the  heart  was 
weak,  heard  the  first  sound  with  a slight  interval,  as 
if  it  consisted  of  two  parts.  But  this  disappeared  on 
the  action  of  the  heart  increasing,  and  the  ventricle 
contracting  with  greater  vigour,  the  sound  becoming 
continuous  and  distinct — the  normal  first  sound  of 
the  heart.  On  one  occasion  when  the  action  of  the 
heart  was  not  strong,  the  first  sound  was  heard  for  a 
considerable  time  to  consist  of  two  parts,  produced 
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during  the  systole  of  the  ventricle  and  pulsation  of 

10  aorta.  Ilere  there  could  be  no  reduplicate  sound 
o the  ventricle,  and  as  regards  the  latter  part  of  the 
sound,  we  could  observe  the  blood  recoil  against  the 
aortic  valves  when  it  was  produced.  The  second 
sound  was  also  occasionally  heard,  on  contraction  of 
the  auricles,  the  three  sounds  constituting  the  triple 
sound  of  the  heart.  But  when  the  ventricle  con- 
tracted with  more  vigour  the  first  became  one  con- 
tinuous and  distinct  sound,  and  the  second  sound 
more  audible,  constituting  the  normal  and  healthy 
sounds  of  the  heart. 

When  the  ventricle  contracts,  the  aorta  pulsates, 
shutting  the  valves  as  the  arterial  systole  takes  place, 
immediately  after  which  the  ventricle  relaxes  as  the 
auricles  contract,  the  aorta  becoming  soft  and  com- 
pressible. But  if  during  the  diastole  the  arteries  were 
distended  with  columns  of  blood  that  recoiled  against 
the  valves,  it  would  act  as  an  obstacle  to  the  blood 
entering  the  aorta,  and  require  an  additional  force  to 
be  exerted  by  the  ventricle  during  its  contraction  to 
overcome  it ; and  it  would  allow  no  period  of  rest  to 
the  parietes  of  the  aorta,  as  they  would  be  kept 
distended,  both  during  the  ventricular  systole  and 
diastole,  which  would  speedily  destroy  their  action. 

There  are  three  propositions,  then,  which  we  con- 
sider established  by  these  experiments  : — 

1st.  The  first  sound  of  the  heart,  viz.,  the  dull 
and  prolonged  sound,  must  be  associated  with  the 

contraction  of  the  ventricle  and  pulsation  of  the 
aorta. 

2nd.  During  the  ventricular  systole  the  semilunar 
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valves  are  tightened  and  shut,  by  the  blood  recoiling 
against  them  on  the  impulse  of  the  aorta. 

3rd.  The  sound  which  is  heard  in  the  denuded  heart 
over  the  semilunar  valves  or  a little  above  them,  is  not 
the  second  sound  of  the  heart,  but  the  first  sound 
attaining  its  intensity  and  termination. 

The  second  sound  has  no  connection  with  the  aorta, 
but  depends  on  the  contraction  of  the  auricles,  and 
the  force  with  which  they  pour  their  blood  into  the 
ventricles,  and  occurs  quickly  after  the  first  sound 
terminates. 

We  have  seen  that  closely  following  the  first  sound 
of  the  heart,  a second  sound  is  heard  of  a short,  sharp, 
and  acute  character,  and  occurs  during  the  contraction 
of  the  auricles  and  diastole  of  the  ventricle,  as  was 
clearly  ascertained  by  counting  1,  2,  3,  4,  5,  6,  &c., 
whilst  we  listened  to  the  second  sound  through  the 
medium  of  the  stethoscope ; and  several  gentlemen 
carefully  observed  the  contraction  of  the  auricles,  and 
each  contraction  of  the  auricles  exactly  coincided  with 
the  second  sound  as  heard  by  us.  Pressure  on  the 
aorta  above  the  semilunar  valves,  at  the  moment  of 
the  occurrence  of  the  second  sound,  did  not  in  the 
least  diminish  its  loudness  and  intensity,  but  it  was 
affected  by  whatever  impaired  the  action  of  the  auri- 
cles. When  they  became  weak,  the  second  sound  was 
scarcely  audible,  but  when  they  contracted  with 
energy,  the  second  sound  was  clearly  and  distinctly 
recognised.  It  appeared  to  be  produced  at  the  auri- 
culo-ventricular  foramen,  by  the  force  with  which  the 
blood  is  propelled  from  the  auricles  into  the  ventricle. 
Sometimes  it  partook  of  a slight  bruit,  as  if  the 
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blood  passed  over  something  rough  on  entering  the 
ventricle.  But  when  the  auricles  contracted  with 
vigour,  the  second  sound  was  sharp  and  acute,  like  the 
sound  produced  by  the  tongue  striking  the  roof  of  the 
mouth.  It  appeared  deeper  seated,  and  at  a greater 
distance  than  the  first  sound,  because  the  auricles  are 
here  deeper  seated  than  the  arch  of  the  aorta,  and  it 
did  not  follow  the  course  and  direction  of  the  first 
sound.  The  first  sound  ascended  along  the  aorta,  but 
the  second  descended  by  the  side  of  the  base  of  the 
aorta,  in  the  situation  of  the  blood  passing  from  the 
auricles  into  the  ventricle.  We  tested  this  question 
with  the  greatest  possible  care,  and  distinctly  ascer- 
tained that  the  second  sound  of  the  heart  is  produced 
by  contraction  of  the  auricles,  as  they  pour  their  blood 
with  force  into  the  ventricles.  After  its  occurrence  a 
momentary  silence  ensued,  and  then  the  first  sound 
recommenced. 

We  have  also  on  several  occasions,  when  the  animal 
became  weaker  and  the  action  of  the  heart  less 
vigorous,  heard  the  second  sound  double,  as  if  the 
auricles  did  not  contract  exactly  synchronous.  July 
21st.  Both  sounds  of  the  heart  distinctly  recognised, 
but  the  first  is  accompanied  with  a bruit  that  ascends 
along  the  aorta,  and  the  second  sound  sometimes  ap- 
peals double,  the  contraction  of  the  auricles  being  not 
exactly  synchronous.  July  23rd.— Both  sounds  dis- 
tinctly heard,  but  the  first  is  accompanied  with  a bruit, 
and  the  second  sound  more  frequently  double  than 
formerly.  August  3rd. — Action  of  the  heart  weaker, 
but.  both  sounds  can  be  fully  recognised.  Pulsation 
28  per  minute.  The  first  sound  attended  with  a 
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louder  bruit,  and  the  second  appears  double,  the 
auricles  not  contracting  synchronously,  and  are 
slightly  later  in  commencing.  Three  sounds  are  now 
heard— the  first  sound  of  the  heart  produced  during 
contraction  of  the  ventricle  and  pulsation  of  the  aorta, 
and  two  short  sharp  sounds  during  contraction  of  the 
auricles;  putting  it  beyond  all  doubt  that  in  the 
normal  and  healthy  action  of  the  heart,  the  second 
sound  depends  on  contraction  of  the  auricles. 

Dr.  Hope  concluded,  as  the  result  of  his  experiments 
on  the  sounds  of  the  heart,  that  no  sound  is  produced 
by  contraction  of  the  auricles.  But  this  depended  on 
the  manner  in  which  the  action  of  the  heart  was  main- 
tained. We  are  informed  that  during  these  expe- 
riments, in  which  artificial  respiration  was  employed, 
the  auricles  contracted  only  partially,  or  chiefly  in 
their  appendices.  But  to  produce  a distinct  sound,  the 
auricles  require  not  merely  to  contract,  but  to  contract 
with  energy,  in  expelling  the  blood  from  their  cavity. 
There  are  two  circumstances  which  seem  to  affect  the 
character  and  loudness  of  the  second  sound.  When 
the  action  of  the  heart  is  weak,  the  auricles  do  not 
contract  with  a vigour  sufficient  to  render  the  sound 
clear  and  distinct.  And  when  the  ventricle  is  already 
partially  filled  with  blood  passing  into  it  from  the 
distended  auricles  or  regurgitating  through  the  aortic 
valves,  the  auricle  only^  partially  contracts,  and  the 
second  sound  becomes  obscure  and  indistinct.  In 
these  cases  it  is  not  heard  constant  and  continuous. 
But  when  the  action  of  the  heart  is  vigorous,  a sharp 
sound  is  produced  by  contraction  of  the  auricles,  dis- 
tinctly recognised  and  closely  following  the  first  sound. 
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The  principle  which  chiefly  contributes  to  the  pro- 
duction of  sound  in  the  contraction  of  the  auricles  is 
what  obtains  as  a general  law  in  the  passage  of  fluids 
through  narrow  or  contracted  orifices.  If  the  force 
jy  winch  the  blood  is  propelled  be  weak,  little  or  no 
so  line  is  heard,  but  if  the  blood  be  propelled  with 
encigy,  a clear  and  distinct  sound  is  produced. 

And  Dr.  Williams  informs  us,  “ that  in  some  recent 
experiments  with  Mr.  Clendinning,  he  found  the  auri- 
cles of  an  ass  produce  a very  distinct  sound  when 
they  contracted  vigorously,  and  independently  of  the 
ventricles ; this  was  afterwards  heard  by  all  who  were 
pi  esent.  The  same  phenomenon  lias  also  been  observed 
in  some  experiments  recently  performed  in  America.”* 
Dis.  Pinnock  and  Moore  heard  a sound  produced  by 
contraction  of  the  auricles,  f And  we  have  had  ample 
evidence  of  this  fact  in  the  course  of  our  experiments, 
during  these  three  last  summers,  on  the  action  and 
sounds  of  the  heart  in  the  American  turtle. 

Much  has  been  said  by  physiologists  respecting  the 
second  sound  not  being  produced  by  contraction  of  the 
auricles,  from  the  time  at  which  the  auricles  are  believed 
to  contract.  Harvey,  Lancisi,  Senac,  and  Haller  con- 
sidered that  the  auricles  contract  immediately  before 
the  contraction  of  the  ventricles,  and  not  immediately 
after  the  termination  of  the  preceding  contraction.  Drs. 
Hope  and  Williams  also  maintained  this  doctrine  as 
the  result  of  their  experiments ; and  Professor  Turner,  % 
arguing  on  these  data,  showed  that  as  the  second 
sound  closely  follows  the  first,  it  could  not  depend  on 

* Williams  on  “ Tho  Chest.”  f Wood’s  “ Medicine.”  Philadelphia. 
t Tumor — “ Med.-Cliirurg.  Trans.”  Edinburgh,  1829. 


contraction  of  tlic  auricles,  as  tlieir  contraction  imme- 
diately precedes  that  of  the  ventricles.  Now,  it  is  a 
fact,  that  when  the  action  of  the  heart  is  slow  and 
weak,  as  in  cold-blooded  animals,  when  it  beats  at  the 
rate  of  20  and  22  pulsations  per  minute,  the  ventricle 
after  contraction  immediately  dilates,  and  blood 
enters  it  from  the  distended  auricles,  filling  it  out  to  a 
certain  extent  ; and  then  the  auricles  contract  and 
produce  contraction  of  the  ventricle,  the  one  move- 
ment immediately  preceding  the  other.  Ihe  same 
thing  occurs  in  warm-blooded  animals  after  the  thorax 
has  been  opened,  when  the  action  of  the  heart  be- 
comes slow  and  irregular,  or  its  movements  are  inter- 
fered with,  as  by  preventing  the  action  of  any  of  its 
valves.  In  these  cases  we  have  observed  that  after 
contraction,  the  ventricle  immediately  dilates  to  a 
certain  extent,  and  blood  passes  into  it  from  the  dis- 
tended auricles,  and  then  the  auricles  contract  and 
produce  contraction  of  the  ventricle.  But  we  are  by 
no  means,  from  these  data,  to  conclude  that  this  is  the 
manner  in  which  the  action  of  the  heart  is  maintained, 
when  it  is  quick  and  regular,  beating,  as  in  warm- 
blooded animals,  at  60,  70,  and  80  pulsations  per 
minute.  We  have  already  shown*  that  as  the  action 
of  the  heart  increases,  the  auricles  contract  sooner  in 
point  of  time  and  of  rhythm  ; then  their  contraction 
becomes  synchronous  with  the  diastole  of  the  ventricle  ; 
so  that  they  commence  to  contract  immediately  after 
the  termination  of  the  preceding  ventricular  contrac- 
tion. And  let  a physiologist  examine  the  action  of 
the  heart  when  it  has  been  quickly  denuded  in  a 

* British  Medical  Journal,  February,  ISGS. 
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warm-blooded  animal,  and  ho  will  see  that  the 
amides  contract  immediately  after  the  termination 
ot  the  preceding  ventricular  contraction,  and  that  tlio 
action  is  maintained  with  surprising  power,  the  one 
movement  following  the  other  in  quick  and  regular 
succession.  And  this  is  exactly  what  we  have  seen  in 
the  course  of  our  experiments  on  turtles  during  the 
highest  temperature  of  the  season. 

In  observing  the  action  in  a denuded  heart,  we 
distinctly  perceive  that  the  contraction  of  the  auricles 
commence  the  cycle  or  beat,  and  the  contraction  of 
the  ventricle  and  impulse  of  the  aorta  terminate  the 
beat;  the  one  beat  succeeding  the  other  in  such  quick 
and  lapid  succession  that,  when  the  action  is  vigorous, 
the  contraction  of  the  auricles  is  synchronous  with  the 
diastole  of  the  ventricle.  But  in  listening  to  the  sounds 
of  the  heart  through  the  medium  of  the  stethoscope,  or 
by  the  naked  ear  applied  to  the  chest,  we  associate  the 
dull  and  prolonged  sound  with  the  short  and  acute 
sound,  considering  the  former  the  first  sound  of  the 
heart  and  the  latter  the  second  sound,  and  that  they 
belong  to  the  same  cycle  or  beat  of  the  heart ; but  the 
ic\eise  is  the  case.  I he  short  and  acute  sound  is  in 
reality  the  first  sound  of  the  heart,  being  produced  by 
contraction  of  the  auricles,  which  commence  the  cycle 
01  beat  of  the  heart,  and  the  dull  and  prolonged  sound 
is  m leality  the  second  sound  of  the  heart,  bemg  pro- 
duced by  contraction  of  the  ventricle  and  impulse  of 
the  aorta  which  terminate  the  beat ; so  that  the  short 
and  acute  sound  does  not  belong  to  the  same  beat 
of  the  heart  as  the  dull  and  jirolonged  sound  which 
precedes  it  but  is  the  commencement  of  a new  beat, 
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and  must  be  associated  with  the  ventricular  contrac- 
tion and  impulse  of  the  aorta  that  immediately  suc- 
ceed it  5 which  enables  us  to  see  that  the  short  and 
acute  sound  may  appear  to  succeed  the  dull  and 
prolonged  sound,  but  is  in  reality  the  first  sound  of 
the  heart. 

We  wish  it  to  be  distinctly  understood  that  the 
statements  we  make  respecting  the  sounds  and  rhythm 
of  the  heart  refer  exclusively  to  the  action  of  the 
heart  when  it  is  quick  and  regular,  and  the  contrac- 
tion of  the  auricle  immediately  succeeds  the  contraction 
of  the  ventricle. 

The  first  period  of  silence  occurs  between  what  is 
called  the  first  and  second  sounds  of  the  heart,  and 
depends  on  the  time  at  which  the  auricles  commence 
to  contract  after  the  contraction  of  the  ventricle  and 
impulse  of  the  aorta  terminate.  According  to  Muller 
it  is  one-fifth  of  a second  ; but  Laennec  thinks  that 
the  second  sound  begins  immediately  after  the  first 
ends.  From  careful  and  repeated  observations,  we 
are  of  opinion  that  an  appreciable  interval  occurs 
between  the  first  and  second  sound,  that  is,  between 
the  termination  of  the  contraction  of  the  ventricle 
and  impulse  of  the  aorta,  and  the  commencement 
of  the  contraction  of  the  auricles.  But  this  interval 
is  reduced  to  a minimum  when  the  action  becomes 
very  rapid,  the  heart  beating  100  and  120  times  per 
minute. 

The  second  period  of  silence  occurs  between  what 
is  termed  the  second  and  the  first  sound  of  the  heart, 
that  is,  between  the  termination  of  the  contraction  of 
the  auricles  and  contraction  of  the  ventricles.  It  is 
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longer  than  the  first  interval,  because  it  extends 
noug  i the  period  of  the  ventricular  action,  till  the 
ood  is  sent  with  force  into  the  aortic-foramen,  and 
the  semilunar  valves  shut. 

i iom  wliat  lias  been  stated  we  arrive  at  the  fob 
li°eIrtS-COnClUSi0nS  reSpectinS  the  sounJs  of  the 


1 he  first  sound  is  produced  by  contraction  of  the 
ventricle  and  impulse  of  the  aorta.  It  commences  as 
the  blood  is  propelled  with  force  through  the  aortic 
foramen  and  attains  its  intensity  in  the  aorta,  as 
the  blood  is  thrown  back  against  the  aortic  valves 

and  shuts  them  on  the  impulse  being  imparted  to  the 
wave. 

This  sound  is  heard  most  distinctly  in  the  denuded 
heart  over  the  semilunar  valves— at  the  origin  of  the 
aorta  or  a little  above  it. 

The  second  sound  depends  on  the  contraction  of  the 
auricles,  and  is  produced  as  they  propel  their  blood 
with  force  through  the  auriculo-ventricular  foramen 
into  the  ventricle  during  its  dilatation. 

It  appears  to  follow  the  first  sound  as  an  immediate 
sequence,  as  it  takes  place  so  quickly  after  its  comple- 
tion, but  it  is  the  commencement  of  a new  beat,  and 
synchronous  with  the  dilatation  of  the  ventricle,  and 
of  course  precedes  the  ventricular  systole. 

And  as  the  same  principle  obtains  in  warm-blooded 
animals,  the  first  sound  of  the  heart  is  produced  during 
the  ventricular  systole,  as  the  blood  is  propelled  with 
force  into  the  aorta  and  pulmonary  artery,  and  attains 
its  intensity,  as  the  blood  has  entered  their  orifices 
and  is  thrown  back  against  the  semilunar  valves  and 
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shuts  them,  by  the  reaction  of  the  distended  parietes 
imparting  an  impulse  to  the  wave,  the  impulse 
of  the  aorta  preceding  the  pulse  at  the  wrist  by  an 
appreciable  instant. 

The  second  sound  of  the  heart  is  produced  by  the 
force  with  which  the  blood  is  propelled  by  contraction 
of  the  auricle  through  each  auriculo-ventricular  fora- 
men, into  the  ventricles  during  their  diastole. 

From  what  we  have  stated  it  will  be  seen  that  a 
bruit  sometimes  attends  one  or  both  sounds,  when  the 
action  of  the  heart  is  weak,  and  disappears  when  the 
action  is  strong ; so  that  one  cause  of  inorganic  mur- 
murs is  the  want  of  energy  in  the  contraction  of  the 
auricles  or  ventricles,  and  whatever  restores  this,  re- 
moves the  murmur. 

From  the  manner  in  which  the  first  sound  is  pro- 
duced, we  can  perceive  how  a murmur  connected  with 
the  contraction  of  the  left  or  right  ventricle  is  propa- 
gated along  the  aorta  or  pulmonary  artery ; a cir- 
cumstance on  which  Dr.  Hope  laid  great  stress  in 
determining  to  which  side  of  the  heart  the  murmur 
belonged. 

We  have  thus  given  an  account  of  the  action  and 
sounds  of  the  heart,  based  on  a series  of  carefully 
conducted  experiments,  where  we  had  numerous  and 
ample  opportunities  of  investigating  the  subject,  and 
we  feel  persuaded  that  what  we  have  stated  will 
ultimately  be  admitted  to  be  the  manner  in  which 
the  sounds  are  produced.  Dr.  Hope,  in  the  course 
of  his  experiments,  limited  the  first  sound  to  the 
action  of  the  ventricle,  and  naturally  thought  that  the 
sound  which  he  heard  in  the  aorta  over  the  semilunar 
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valves  must  be  the  second  sound  of  the  heart.  But 
on  this  hypothesis  it  lias  been  found  impossible  satis- 
factorily to  account  for  the  sounds  of  the  heart ; be- 
cause, whatever  view  may  be  taken  of  the  cause  of 
the  first  sound,  it  occurs,  as  is  admitted,  when  the 
ventricle  contracts  and  the  aorta  pulsates,  which 
makes  the  first  sound  of  the  heart  synchronous 
with  the  pulsation  of -the  aorta.  But  the  aorta, 
when  it  pulsates,  shuts  the  valves,  and  the  sound 
which  is  then  produced  enters  into  the  formation 
of  the  first  sound,  and  constitutes  its  termination. 
Dr.  Hope  endeavoured  to  separate  two  things  which 
are  identical— the  formation  of  the  first  sound,  and 
the  shutting  of  the  aortic  valves,  which  occur  at  one 
and  the  same  moment,  as  the  blood  is  impelled  along 
the  large  arteries,  and  slightly  precede  the  pulse  at 
the  wrist.  So  that  what  Dr.  Hope  considered  the 
first  and  second  sounds  of  the  heart  are  simultaneous, 
and  constitute  one  prolonged  sound  well  brought  out 
at  its  termination,  recognised  by  physiologists  as  the 
first  sound  of  the  heart. 

Whilst  engaged  in  investigating  the  action  of  the 
denuded  heart  to  ascertain  the  manner  in  which  the 
diastole  of  the  ventricle  is  produced,  we  perceived 
that  when  the  ventricle  contracted  the  aorta  pulsated 
in  connection  with  it,  shutting  the  valves  as  the  im- 
pulse of  the  blood-wave  proceeded  along  the  arch  ; 
and  we  concluded  that  the  sound  caused  by  the  shut- 
ting of  the  sigmoid  valves  must  occur  sooner  than  is 
believed,  and  be  synchronous  with  the  ventricular  s}vs- 
tole.  And  on  listening  to  the  sounds  through  the 
medium  of  the  stethoscope,  we  discovered  that  when 
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the  ventricle  contracted  it  was  one  prolonged  sound 
that  was  heard  proceeding  through  the  foramen  into 
the  aorta,  where  it  terminates,  being  loudest  at  the 
aortic  valves,  or  a little  higher  up.  This,  by  repeated 
experiments,  we  distinctly  ascertained  to  be  what  is 
termed  the  first  sound  of  the  heart. 

Dr.  Hope  did  not  realize  the  true  cause  of  the  second 
sound  of  the  heart,  perhaps  from  the  irregular  manner 
in  which  the  action  was  maintained,  but  we  dis- 
tinctly recognised  the  second  sound,  closely  following 
the  first,  produced,  as  stated,  when  the  auricles  con- 
tracted and  sent  the  blood  with  energy  into  the 
ventricle. 

Much  has  been  done  by  pathological  research  to 
establish  the  commonly-received  views  respecting  the 
sounds  of  the  heart ; and  yet  pathologists  still  recur  to 
the  experiments  that  were  first  instituted  to  determine 
the  cause  of  the  sounds.  And  we  may  observe,  if  the 
first  sound  of  the  heart  depended  chiefly  on  the 
tightening  of  the  muscular  fibres  of  the  ventricle,  it 
ought  to  remain  unaltered,  under  every  circumstance, 
so  long  as  the  fibres  are  healthy  and  contract  firmly. 
But  the  character  of  the  sound  is  changed  or  modified 
in  disease  of  the  orifice  of  the  aorta  or  affecting  the 
valves.*  And  not  only  is  this  the  case,  but  the  reverse, 
the  sound  remains  unaltered  or  little  affected,  even 
although  the  muscular  fibres  of  the  ventricle  have,  in 
places,  entirely  disappeared,  being  substituted  by  fatty 
globules  ; as  fully  ascertained  by  the  microscope — the 
change,  on  the  whole,  “ consisting  more  of  fatty  substi- 


* Watson’s  “ Practice  of  Physic,”  vol.  ii.  p.  234. 
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tution  rather  than  of  fatty  conversion.”  * * * § And.  the  first 
sound  cannot  properly  be  connected  with  the  shutting 
of  the  auriculo- ventricular  valves,  as  that  takes  place 
at  the  very  commencement  of  the  systole,  whereas  the 
first  sound  is  admitted  to  be  synchronous  with  the 
pulsation  of  the  aorta,  that  occurs  in  connection  with 
the  blood-wave  being  propelled  with  force  through  the 
aortic  foramen.  And  it  is  heard  most  distinctly  in  the 
denuded  heart  over  the  aortic  valves ; and  seems  to 
diminish  as  we  approach  the  apex  of  the  ventricle.! 

In  diseased  action  of  the  aorta  and  its  valves,  a 
double  murmur  is  produced,  because  a portion  of  blood 
regurgitates  through  the  valves  when  the  aorta  pulsates. 
But  in  the  healthy  action,  the  first  sound  terminates 
when  the  sigmoid  valves  shut. 

When  the  action  of  the  heart  is  vigorous,  the  auricles 
contract  with  energy  in  propelling  the  blood  into  the 
ventricle.  And  if  an  obstacle  exists  to  the  free  passage 
of  the  blood  from  the  auricle  into  the  respective 
ventricle,  the  auricles  become  dilated  or  hypertrophied.  J 
And  when  the  constriction  of  the  mitral  orifice  has 
become  extreme,  the  left  auricle  has  been  found 
enormously  dilated  and  hypertrophied,  and  the  second 
sound  of  the  heart  reduplicated  § — a conclusive  proof 
that  the  second  sound  depends  on  contraction  of  the 
auricles. 


* British  Medical  Journal,  No.  570,  p.  654. 

t Carpenter’s  “ Physiology,”  p.  419. 

t British  Medical  Journal,  No.  526,  p.  92. 

§ Ibid.,  No.  573,  p.  742. 
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PREFACE  TO  THE  SECOND  EDITION. 


In  tlie  second,  part  of  this  Treatise,  the  author  has 
more  fully  illustrated  the  principle  on  which  the 
sounds  of  the  heart  are  produced.  And  the  question 
is  not,  how  far  the  statements  made  by  the  author, 
may  differ  from  the  commonly  received  views  of  the 
cause  of  the  sounds  of  the  heart ; but  what  does 
experimental  research  warrant  us  to  consider  the 
facts  of  the  case  ? In  every  inquiry  after  truth,  in 
medical  science,  views  are  only  valuable,  so  far  as 
they  are  established  on  facts. 

London,  July,  1874. 
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SECOND  PART. 


Physiologists  have  been  accustomed  to  examine  the 
action  of  the  heart  in  cold-blooded  animals,  to  deter- 
mine the  laws  that  regulate  its  movements.  Dr.  Hope 
performed  a number  of  experiments  on  frogs  and  on 
turtles,  to  perceive  the  manner  in  which  the  auricles 
and  ventricle  contract  and  dilate.  Professor  Muller  of 
Berlin,  Oesterreicher,  and  Dr.  John  Reid  prosecuted 
similar  researches,  and  physiologists  still  continue  to 
illustrate  their  views  by  experiments  on  the  hearts 
of  frogs  and  of  turtles,  as  well  as  of  warm-blooded 
animals,  believing  that  the  action  is  maintained  on 
the  same  principle  in  both  classes. 

And  convinced  of  the  truth  of  this  doctrine,  we  con- 
cluded that  if  the  heart  pulsate  on  the  same  principle 
in  cold-  as  in  warm-blooded  animals,  the  sounds  pro- 
duced must  be  of  the  same  character,  and  ought  to  be 
equally  relied  on.  We  therefore  instituted  a series  of 
experiments  on  American  turtles*  during  the  highest 
temperature  of  the  season,  when  the  action  of  the 
heart  is  most  vigorous,  and  the  animal  assumes  the 

* Alligator  Terrapin.  Ohelydra  Serpentina. 
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physiological  condition  of  a warm-blooded  animal ; 
and  we  determined,  with  the  greatest  care,  the 
manner  in  which  the  sounds  of  the  heart  are 
produced. 

AV  e have  shown  in  the  course  of  our  experiments, 
recorded  in  the  previous  part  of  this  treatise,  that 
when  the  ventricle  contracts  and  propels  a wave  of 
blood  into  the  aorta,  it  distends  its  walls,  which, 
being  elastic,  react  with  energy,  and  the  blood  recoils 
against  the  semilunar  valves,  and  closes  the  orifice  as 
the  wave  is  impelled  along  the  arch.  The  impulse  of 
the  aorta  takes  place  in  immediate  connection  with  the 
contraction  of  the  ventricle,  and  the  first  sound  of  the 
heart  is  heard  most  distinctly  at  the  origin  of  the  aorta, 
over  the  semilunar  valves,  and  is  jnoduced  by  the 
force  with  which  the  blood  is  propelled  through  the 
aortic  foramen  and  recoils  against  the  valves  closing 
them.  Strictly  speaking,  the  blood  does  not  fall  back 
against  the  valves  as  in  a rigid  and  unyielding  tube, 
but  the  aorta,  on  being  distended  by  the  blood- wave, 
starts  up  and  contracts  from  its  origin,  the  valves  being 
closed  by  the  blood  recoiling  against  them  as  it  is  im- 
pelled onward.  Hence  the  first  sound  of  the  heart  is 
dull  and  prolonged,  synchronous  with  the  contraction 
of  the  ventricle  and  impulse  of  the  aorta.  And  the 
second  sound  is  produced  by  contraction  of  the 
auricles,  and  is  heard  most  distinctly  over  the  auriculo- 
ventricular  foramen,  as  the  blood  is  sent  with  force 
into  the  ventricle  distending  its  walls.  It  closely 
follows  the  first  sound,  because  during  the  vigorous 
action  of  the  heart  the  auricles  contract  immediately 
after  the  aorta  pulsates  or  reacts. 
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Haying  stated  these  facts,  we  proceed  to  explain 
more  particularly  the  manner  in  which  the  action  of 
the  heart  is  performed  and  the  sounds  produced.  The 
doctrines  we  maintain  are,  First,  that  the  distended 
aorta  reacts  in  immediate  connection  with  the  con- 
traction of  the  ventricle,  closing  the  sigmoid  valves 
as  its  impulse  is  imparted  to  the  wave.  Second,  the 
sound  produced  in  closing  these  valves  is  the  first  sound 
of  the  heart  attaining  its  termination ; the  sigmoid 
valves  being  closed  at  the  commencement  of  the 
arterial  systole,  and  not  by  a sort  of  back  stroke,  after 
the  systole  has  taken  place. 

This  statement  we  consider  applicable  to  the  action 
of  the  heart  in  all  vertebrated  animals. 

Dr.  Hope,  in  the  experiments  which  he  instituted  on 
the  denuded  heart  of  an  ass,  found  that  a sound  is 
produced  by  the  blood  recoiling  against  the  sigmoid 
valves  and  closing  them.  But  he  believed  this  took 
place  during  the  diastole  of  the  ventricle,  and  was 
produced  by  a column  of  blood  in  the  aorta  and  pul- 
monary artery  falling  back  against  the  valves  when 
the  propelling  force  of  the  ventricle  was  withdrawn, 
and  this  would  have  been  the  case  if  the  blood  had 
been  propelled  along  rigid  and  unyielding  tubes ; for 
the  force  exerted  in  propelling  a portion  of  fluid  into 
the  tube  imparts  an  impetus  to  the  fluid  which  it  con- 
tains, and  an  amount  is  discharged  at  the  farther 
extremity  equal  to  what  has  entered  at  the  base.  But 
on  the  impulse  ceasing,  on  the  ventricle  commencing 
to  dilate,  its  walls  relaxing,  the  fluid  would  have  fallen 
back  against  the  valves  and  closed  them.  But  the 
aorta  is  distensible  and  elastic,  and  according  to 
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Hunter,  the  elasticity  of  an  artery  is  greater  at  its 
origin — where  the  large  vessels  are  connected  with  the 
lieai  t,  than  at  its  distant  extremity.  Which  somewhat 
affects  the  propulsion  of  the  blood-wave.  When  the 
ventricle  contracts  and  propels  a wave  of  blood  into 
the  aorta,  imparting  an  impetus  to  the  blood  which 
it  contains,  it  distends  its  walls,  which  instantly 
react,  and  the  blood  recoils  against  the  valves,  and 
closes  them  as  the  wave  is  impelled  onwajrd.  The 
force  lost  in  the  distension  of  its  walls  is  now  re- 
gained, and  the  ventricle  is  still  contracted,  when 
the  aorta  reacts  or  pulsates.  And  the  view  that 
the  aortic  valves  are  closed  by  the  elasticity  of  the 
large  arteries  returning  suddenly  on  their  contents 
during  the  diastole  of  the  ventricle,  is  opposed  to 
the  fact  that  the  pulsation  of  the  aorta  takes  place 
in  immediate  connection  with  the  contraction  of  the 
ventricle,  preceding  the  pulse  at  the  wrist  and  ex- 
tremities. 

The  question,  1st,  which  we  have  to  decide  is,  when 
are  the  sigmoid  valves  closed  ? 

u Ces  parois  sont  tres  elastiques ; lorsqu’une  ondee 
de  sang  est  projetee  dans  l’aorte  par  la  contraction  du 
ventricule,  elles  cedent  a la  pression  ainsi  exercde 
comme  le  ferait  un  ressort,  mais  elles  tendent  ensuite 
a revenir  sur  elles-memes,  et  a chasser  le  sang  qui  les 
distendait.”*  And  in  all  our  experiments  on  the  heart, 
whether  in  cold-  or  in  warm-blooded  animals — for  we 
have  frequently  observed  the  action  of  the  denuded 
heart  in  both — we  have  perceived  that  the  moment 
the  ventricle  completes  its  contraction,  the  distended 


* “Zoologie,”  par  Milne-Edwards,  p.  70. 
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aorta  reacts,  forcing  the  blood  against  the  valves, 
and  closing  them  in  impelling  the  wave  onwards. 
And  the  blood  could  not  be  propelled  in  successive 
waves  along  a distensible  and  elastic  tube  like  the 
aorta  without  the  valves  being  immediately  closed. 
When  the  ventricle  contracts  and  sends  the  blood 
with  force  into  the  aorta,  imparting  an  impetus  to 
the  blood  which  it  contains,  it  distends  its  walls  more 
particularly  at  its  origin,  where  the  greatest  force 
and  momentum  is  exerted.  And  if  the  aorta  did  not 
instantly  react  and  impel  onwards  the  blood  which 
distends  it,  the  pulse-wave  would  not  be  fully  formed ; 
or  if  the  valves  are  not  sufficiently  closed,  becoming 
incompetent,  the  same  effect  is  produced.  It  is  then 
at  the  commencement  of  the  arterial  systole,  from  the 
rapid  reaction  of  the  aorta,  that  the  sigmoid  valves 
are  closed,  and  the  blood  impelled  onwards. 

The  sigmoid  valves  then  placed  at  the  origin  of  the 
aorta,  aid  and  assist  in  the  transmission  of  the  blood- 
wave  along  the  arterial  tube.  When  the  ventricle 
contracts,  so  much  of  the  beat  is  completed,  the  blood 
having  passed  from  the  ventricle  into  the  aorta.  But 
the  walls  of  the  aorta  are  distended  by  the  force  with 
which  the  blood  enters  it,  and  must  react  before  the 
wave  is  completed  ; and  in  reacting  close  the  valves  as 
a point  of  support  against  which  the  blood  recoils  in 
being  urged  onwards.  The  force  of  the  contraction 
of  the  ventricle  is  the  measure  of  its  impulse,  and  the 
walls  of  the  aorta  react  with  a force  equal  or  suj)erior 
to  that  by  which  they  are  distended.  And  this  takes 
place  independent  of  the  diastole  of  the  ventricle, 
whilst  it  is  still  contracted.  The  impulse  of  the 
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ventricle  immediately  succeeded  by  the  impulse  of  the 
aorta,  impels  the  blood-wave  along  the  arteries  to 
their  termination.  And  the  pulse-beat  is  felt  before  the 
second  sound  is  heard.  In  applying  our  ears  to  the 
chest,  we  place  our  fingers  on  the  pulse  at  the  wrist, 
connecting  its  beat  with  the  contraction  of  the  ventricle, 
and  the  first  sound  of  the  heart. 

It  may  appear  remarkable  that  the  ventricle  should 
be  conti acted,  when  the  blood  recoils  against  the 
sigmoid  valves,  and  closes  the  orifice.  But  the  orifice 
is  closed  for  the  object  of  the  blood  being  impelled 
foi  ward  along  the  tube.  And  the  ventricle,  when  it 
contracts,  propels  the  blood-wave  at  once  into  the  aorta, 
distending  its  walls,  and  does  not  go  on  contracting. 
It  contracts  to  the  extent  of  the  impulse  which  it  im- 
parts at  the  moment,  whether  it  expels  the  whole  or 
the  greater  part  of  its  contents,  and  its  parietes  are 
contracted  when  the  aorta  reacts  -and  impels  on  the 
wave.  But  so  rapidly  is  this  accomplished,  that  when 
the  ventricle  propels  the  blood-wave  into  the  aorta 
distending  it,  the  aorta  starts  up  or  gives  an  impulse 
forward,  and  the  reaction  is  completed.  If  the  ventricle 
relaxed  whilst  the  aorta  reacted,  it  would  be  dilating 
during  the  propulsion  of  the  wave  onward,  and  before 
the  systole  was  accomplished.  For  the  pulse-wave  is 
not  fully  formed  before  the  aorta  reacts.  And  the 
ventricle  being  contracted  behind  the  valves  must 
impart  strength,  as  the  blood  reacts  against  them, 
stretching  their  segments. 

We  have  thus  the  ventricular  contraction,  the  aortic 
impulse  closing  the  valves,  and  the  pulse  at  the  wrist ; 
after  which  the  second  sound  commences. 
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We  therefore  consider  the  view  untenable  which 
supposes  that  the  sound  produced  by  the  blood  recoil- 
ing against  the  aortic  valves  and  closing  them  is  the 
second  sound  of  the  heart,  and  coincident  with  the 
diastole  of  the  ventricle.  For  the  valves  are  closed  as 
we  have  seen  in  immediate  connection  with  the  ventri- 
cular contraction  by  the  aortic  impulse  which  precedes 
the  pulse  at  the  wrist.  And  the  sound  heard  on  the 
closing  of  the  valves  is  the  first  sound  of  the  heart 
attaining  its  termination,  which  is  a prolonged  sound, 
produced  by  the  force  with  which  the  blood  is  pro- 
pelled through  the  aortic  foramen,  and  the  valves  close 
as  the  aorta  reacts  or  pulsates.  When  the  diastole  of 
the  ventricle  commences,  its  walls  relax,  and  in  unison 
with  it  the  parietes  of  the  aorta  become  soft  and  com- 
pressible, which  is  a state  of  rest ; and  at  this  moment 
there  is  no  stretching  or  expansion  of  the  sigmoid 
valves,  nor  falling  back  of  the  blood  against  them  to 
produce  a sound.  And  the  experiment  of  the  hooking 
back  of  a segment  of  the  valves  adduced  so  much  in 
support  of  that  view,  produces  exactly  the  same  result, 
as  is  so  frequently  observed  in  the  case  of  disease  of 
the  aortic  valves  when  they  are  rendered  incompetent. 
And  regurgitant  murmur  is  produced  by  a portion  of 
blood  being  forced  back  into  the  ventricle  during  the 
impulse  of  the  aorta.  But  this  murmur  does  not  re- 
present, the  second  sound  of  the  heart,  but  the  closing 
of  the  valves  when  the  first  sound  terminates.  And  it 
does  not  occur  at  the  time  the  ventricle  usually  dilates, 
but  when  the  blood- wave  is  impelled  along  the  arteries. 
And  since  the  blood-wave  is  imperfectly  formed,  from 
the  aortic  impulse  not  being  continued  on  it,  the 
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aJ  tcncs  are  not  sufficiently  distended,  and  the  pulse 
sudden  without  any  prolonged  swell  of  the  artery 
And  the  reason  why  the  second  sound  is  not  heard  is 
that  the  ventricle  being  partly  filled  by  the  regurgita- 

1011  of  tI>e  Wood>  tlle  auricles  do  not  contract  with 
an  energy  i„  sending  the  blood  through  the  ventri- 
cular foramen  to  produce  a distinct  sound. 

And  this  condition  of  incompetency  in  the  aortic 
valves  is  produced  from  the  stress  to  which  they  are 
subjected  when  the  distended  aorta  reacts  with  much 
force  in  propelling-  the  blood-wave  onward.  If  an 
obstacle  exists  to  the  transmission  of  the  blood  alono- 
the  large  arteries  or  through  the  arterial  system,  the 
ventricle  exerts  increased  action  to  overcome  it  in 
consequence  of  which  it  distends  the  aorta  with  greater 
force,  and  the  walls  of  the  aorta  reacting  with  increased 
energy  throw  the  blood  against  the  valves  with  a force 
which  they  cannot  sustain,  particularly  if  diseased,  and 
regurgitation  of  a portion  of  blood  is  produced  into  the 
ventricle.  But  this  takes  place  as  the  blood-wave  is 

sent  along  the  arch,  and  not  during  the  ventricular 
diastole. 


In  further  proof  of  the  fact  that  the  aortic  valves  are 
closed  in  immediate  connection  with  the  ventricular 
systole,  we  may  observe  that  in  some  animals,  as  the 
American  tui  tie,  there  is  an  additional  layer  of  circular 
fibres  at  the  origin  of  the  aorta,  which  fall  back  behind 
the  valves  as  if  to  sustain  them  more  when  the  blood 
in  the  aorta  recoils,  as  the  wave  is  impelled  onward. 
\\  lulst  in  other  animals,  as  the  American  sturgeon,  a 
layer  of  muscular  fibres  is  extended  from  the  ventricle 
along  the  origin  of  the  aorta,  enabling  it  to  contract 
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with  greater  energy.  Ancl  in  adaptation  to  this  in- 
creased power  of  the  aorta,  there  are  two  rows  or  tiers 
of  sigmoid  valves  placed  at  its  origin,  the  one  row  imme- 
diately above  the  other.  And  a single  tier  of  sigmoid 
valves — that  is,  of  three  valves  placed  a little  higher 
in  the  aorta — opposite  the  termination  of  the  external 
muscular  fibres.  The  ventricle  contracts  and  propels 
the  blood  into  the  aorta  distending  its  walls,  which 
instantly  contract  with  energy,  the  blood  recoiling 
against  the  double  tier  of  valves  and  closing  them  as 
it  is  impelled  onward,  distending  the  aorta  in  front, 
which  immediately  reacts,  forcing  the  blood-wave 
against  the  single  tier  of  valves,  and  closing  them  as  it 
is  impelled  along  the  tube.  Here  we  have  a double 
action  in  the  aorta,  closing  two  sets  of  valves  in  succes- 
sion as  it  propels  the  blood-wave  onward,  which  un- 
doubtedly proves  that  the  sigmoid  valves  are  closed  by 
the  recoiling  of  the  blood,  as  the  distended  aorta  reacts 
and  impels  the  wave  along  the  arch.  Affording  one  of 
the  most  striking  evidences  of  design  that  we  can  con- 
template, and  illustrating  a general  law  that  obtains 
in  vertebrated  animals,  that  the  blood,  on  being  pro- 
pelled from  the  ventricle  into  the  aorta,  recoils  against 
the  sigmoid  valves  and  closes  them  as  the  elastic  walls 
of  the  aorta  react  and  impel  the  wave  forward.  And, 
in  animals  possessed  of  a single  auricle  and  ventricle,* 
with  one  tier  of  aortic  valves,  and  where  no  muscular 
fibres  are  extended  along  the  origin  of  the  aorta,  the 
same  effect  is  produced ; the  aorta,  on  being  distended 
by  the  blood  from  the  ventricle,  instantly  reacts,  closing 
the  valves  as  it  urges  on  the  wave. 

* Pisces. 
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In  all  these  cases  the  valves  are  closed,  as  the  blood 
in  the  distended  aorta  is  impelled  onward. 

In  warm-blooded  animals  the  aorta  at  its  origin  is 
strongly  elastic,  and,  on  being  distended,  instantly 
reacts  , and  it  is  at  the  origin  of  the  aorta  that  the 
force  is  chiefly  exerted  that  propels  the  blood-wave 
along  the  arterial  tubes.  J list  as  in  the  working  barrel 
at  the  base  of  the  pump  the  upward  stroke  and  move- 
ment of  the  piston  imparts  an  impulse  to  the  fluid  in 
the  tube,  which  at  every  stroke  of  the  pump  discharges 
an  amount  at  the  further  extremity  equal  to  what  has 
entered  at  the  base.  The  ventricle  on  contracting 
propels  the  blood-wave  into  and  along  the  aorta,  and 
the  walls  of  the  aorta  are  fully  distended  at  their  origin 
as  the  ventricle  has  completed  its  contraction,  and 
react  with  such  rapidity,  closing  the  valves,  that  the 
impulse  of  the  aorta  may  be  said  to  be  simultaneous 
with  that  of  the  ventricle;  the  forces  thus  exerted 
producing  the  blood-wave  that  passes  along  the  arte- 
ries to  form  the  pulse  at  their  extremities.  The 
impulse  of  the  aorta  slightly  preceding  the  pulse  at 
the  wrist  and  extremities.  We  might  even  assume 
the  major  proposition  in  illustrating  this  subject. 
You  cannot  in  a series  of  successive  waves  propel  a 
fluid  along  a tube  strongly  elastic  at  the  base  without 
closing  the  valves  at  the  orifice  as  the  fluid  enters. 
In  propelling  the  wave  into  the  tube,  imparting  an 
impetus  to  the  fluid  which  it  contains,  the  walls  yield 
to  the  pressure  and  are  distended.  But  the  moment 
the  wave  has  entered,  the  walls  react  with  energy, 
closing  the  valves  in  giving  an  impulse  to  the  fluid ; 
and  if  a sound  is  produced  in  closing  the  valves,  it 
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must  be  when  the  walls  react,  urging  the  wave  onward, 
as  there  is  no  recoiling  of  the  fluid  against  the  valves 
after  the  wave  has  been  impelled  along  the  tube  and  a 
quantum  discharged  at  the  extremity. 

But  if  the  force  of  the  contraction  of  the  ventricle 
distended  the  aorta  and  produced  per  se  the  pulse-wave 
at  the  extremities  of  the  body,  and  the  walls  of  the 
aorta  reacted  on  their  contents  and  closed  the  sigmoid 
valves  in  connection  with  the  diastole  of  the  ventricle, 
as  is  generally  believed  by  physiologists,  it  is  evident 
that  the  valves  must  be  closed  as  a point  of  resistance 
to  the  blood  when  the  elastic  walls  react ; and  in 
reacting  they  must  displace  the  increased  amount  of 
blood  which  they  contain,  and  produce  a wave  along 
the  tube,  which  would  render  the  second  sound  of  the 
heart  coincident  with  the  blood  passing  along  the 
arterial  tube ; whereas  the  pulse-wave  is  considered  to 
be  formed,  and  to  have  reached  the  wrist  before  the 
second  sound  occurs.*  Besides,  the  ventricle,  after  its 
contractile  impulse  is  exerted,  cannot  keep  the  walls  of 
the  aorta  distended.  They  immediately  react  in  virtue 
of  the  power  which  they  possess  as  elastic  tissue,  their 
energy  being  superior  to  that  of  the  force  by  which 
they  were  distended.  When  the  ventricle  then  con- 
tracts and  propels  the  blood-wave  into  the  aorta,  dis- 
tending its  walls,  the  valves  are  closed  at  the  com- 
mencement of  the  reaction,  the  impulse  beginning  at 
the  origin  where  the  greatest  force  is  exerted,  and  ex- 
tending along  the  aorta,  impelling  the  wave  onward. 
And  this  enables  us  to  see  how  the  amount  of  blood 
which  the  ventricle  propels  at  each  successive  beat 

* Miiller’s  “Physiology,”  p.  176. 
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exerts  an  influence  on  the  pulse-wave  throughout  the 
arterial  system ; the  ventricle  propelling  the  blood 
along  the  aorta,  and  the  aorta  instantly  reacting  and 
continuing  the  impulse. 

What  is  the  condition  of  the  sigmoid  valves  during 
the  diastole  of  the  ventricle  ? When  the  ventricle 
dilates,  its  parietes  relaxing,  the  aorta  takes  on  the 
same  condition,  becoming  soft  and  compressible.  And 
the  valves  having  been  closed  by  the  recoiling  of  the 
blood-wave,  remain  shut  till  the  ventricle  contracts 
and  opens  them  ; the  valves  being  opened  by  the  con- 
traction of  the  ventricle,  and  immediately  closed  by 
the  reaction  of  the  aorta.  But  observe,  if  the  valves 
were  closed  during  the  diastole  of  the  ventricle,  by 
the  blood  recoiling  against  them  from  the  elastic  re- 
action of  the  great  arteries  near  the  heart,  and  the 
wave  were  not  forced  onward,  it  would  keep  the  walls 
of  the  aorta  distended  both  during'  the  ventricular 
systole  and  diastole,  which  would  soon  destroy  their 
elasticity,  and  produce  the  same  result  as  disease  of 
the  walls  of  the  aorta,  when  they  are  rendered  in- 
capable of  effectually  reacting  on  the  wave  and  urging 
it  forward. 

The  facts  adduced  enable  us  by  strict  induction  to 
arrive  at  the  following  conclusions.  1st.  When  the 
ventricle  propels  the  blood-wave  into  and  along  the 
aorta,  it  distends  its  walls  more  particularly  at  its 
origin,  where  the  greatest  force  and  momentum  is 
exerted.  2nd.  The  distended  aorta  reacts  in  imme- 
diate connection  with  the  ventricular  contraction, 
closing  the  sigmoid  valves  as  its  impulse  is  imparted 
to  the  wave.  3rd.  The  closing  of  the  sigmoid  valves 
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precedes  the  pulse-beat,  of  the  facial  artery — at  the 
wrist — and  extremities.  4th.  The  sound  produced  in 
closing  the  sigmoid  valves  is  the  first  sound  of  the 
heart  attaining  its  termination.  5th.  The  first  sound 
of  the  heart  is  admitted  by  physicians  to  be  synchro- 
nous with  the  contraction  of  the  ventricle  and  reaction 
or  pulsation  of  the  aorta  and  large  blood-vessels  near 
the  heart.* 

II.  We  have  based  our  views  of  the  sounds  of  the 
heart,  on  the  sounds  that  we  heard  in  the  denuded 
hearts  of  turtles,  during  the  highest  temperature  of 
the  season,  when  the  action  was  maintained  with  great 
vigour  at  forty  pulsations  per  minute.  And  we  have 
stated,  as  admitted  by  physiologists,  that  the  ven- 
tricle contracts  and  the  aorta  pulsates,  on  precisely 
the  same  principle  in  cold-  as  in  warm-blooded  animals 
— in  the  turtle  as  in  the  ass.  And  why  should  not 
the  sounds  of  the  heart  be  admitted  to  depend  on 
the  same  principle  in  both  ? All  the  elements  sup- 
posed to  constitute  or  produce  sound  are  present  in 
the  one  case  as  in  the  other.  The  muscular  walls  of 
the  ventricle  contract  with  energy,  and  send  the 
blood  with  force  through  the  aortic  foramen,  and  the 
blood  recoils  against  the  valves  by  the  vigorous  im- 
pulse of  the  aorta.  And  the  sounds  heard  are  often 
so  clear  and  distinct  that  nothing  can  be  more  satis- 
factory, and  bear  the  closest  resemblance  to  the  sounds 
of  the  heart  in  man  and  mammalia.  To  object  to 
these  sounds  is  to  assume  that  vertebrated  animals  are 

* Carpenter’s  “ Physiology,”  p.  468.  Muller’s  “ Physiology,”  vol.  i. 
p.  200.  Hope  on  “The  Heart,”  p.  56.  Wood’s  “ Medicine.”  Phila- 
delphia. 
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not  all  constructed  on  the  same  type,  and  yet  the  only 
difference  is,  that  the  auricles  pour  the  blood  into 
one  ventricle,  which  renders  it  not  so  highly  arte- 
lialized  as  in  the  left  side  of  the  heart  of  mammalia, 
but  more  so  than  on  the  right,  which  is  venous  blood, 
and  still  the  sound  produced  on  contraction  of  the 
right  ventricle  is  equally  relied  on,  as  that  produced 
on  contraction  of  the  left. 

Cruveilhier  made  observations  on  the  action  and 
sounds  of  the  heart  in  the  case  of  an  infant  only  nine 
hours  old,  whose  heart  was  exterior  to  the  thorax, 
having  passed  through  an  opening  in  the  upper  part 
of  the  sternum ; * and  Dr.  Carpenter  adopted  the 
data  derived  from  the  observations  of  Cruveilhier,  as 
the  basis  tor  several  of  his  conclusions  respecting  the 
action  and  the  cause  of  the  sounds.  And  physiolo- 
gists have  not  objected  to  the  principle  of  his  argu- 
ment, though  they  may  differ  from  him  respecting 
the  manner  in  which  the  sounds  are  produced.  But 
Billard  informs  us  that  he  found,  in  examining  the 
bodies  of  a great  many  infants  who  had  died  a few 
days  after  birth,  the  foramen  ovale  and  other  circu- 
latory passages  peculiar  to  the  foetus  were  generally 
closed  about  the  eighth  day ; and  that  in  nineteen 
infants  who  had  lived  only  one  day,  the  foramen  ovale 
was  completely  open  in  fourteen. Milne-Edwards 
also  states,  “ Dans  les  premiers  temps  de  la  vie,  tous  les 
animaux  a sang  chaud,  se  rapprochent  aussi  plus  ou 
moins  des  animaux  a sang  froid.”  J So  that  we  may 

* Carpenter’s  “ Physiology,”  p.  416. 

t “ Traite  des  Maladies  des  Enfants  Nouveau-nes,”  p.  557. 

X “ Zoologie,”  par  Milne-Edwards,  p.  117. 
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conclude  the  infant  on  whose  heart  Cruveilhier  made 
his  observations  partook  much  of  the  character  of  cold 
blooded. 

We  consider,  then,  that  we  have  proceeded  on 
sound  physiological  principles  in  the  series  of  experi- 
ments that  we  instituted  on  the  denuded  heart  of 
turtles  during  the  highest  temperature  of  the  season, 
to  determine  the  cause  of  the  sounds  of  the  heart. 
And  we  are  decidedly  of  opinion  that  these  animals 
afford  a much  better  field  for  investigating  the  action 
of  the  heart,  and  arriving  at  a correct  knowledge  of 
the  sounds  than  is  obtained  from  the  denuded  heart 
of  warm-blooded  animals.  In  the  warm-blooded,  as 
in  the  dog  and  the  ass,  the  operation  of  laying 
open  the  thorax  and  denuding  the  heart,  produces  a 
great  shock  on  the  system.  And  the  fact  that  you 
require  to  maintain  artificial  respiration  to  continue 
your  investigations  for  any  length  of  time,  interferes 
materially  with  the  action  of  the  heart,  rendering  it 
weak  or  irregular,  and  the  sounds  indistinctly  heard. 
Hence  the  difficulty  that  experimenters  have  had  in 
determining  the  cause  of  the  sounds  of  the  heart.  But 
in  turtles  the  effect  of  the  operation  on  the  action  of 
the  denuded  heart  appears  but  slight.  If  the  tem- 
perature of  the  day  be  high,  the  heart  continues  to 
pulsate  with  great  energy,  and  in  a normal  and 
regular  manner  after  being  exposed ; and  the  animal 
will  survive  for  several  days,  affording  an  ample  field 

to  observe  the  action  and  determine  the  cause  of  the 
sounds. 

The  auricles  contract  with  vigour  as  in  warm- 
blooded animals,  distending  the  ventricle,  and  the 
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ventricle  propels  the  blood  with  force  into  tine  aorta, 
exerting  its  impulse  on  the  wave  as  it  is  sent  along 
the  arch.  But  in  listening  to  the  sounds  of  the 
heart  the  action  appears  reversed,  the  dull  and  pro- 
longed sound  which  is  produced  during  contraction  of 
the  ventricle  and  reaction  of  the  aorta  is  recognised 
as  the  first  sound  of  the  heart.  And  the  short  and 
acute  sound  which  is  produced  during  contraction 
of  the  auricles  and  dilatation  of  the  ventricle,  appears 
the  second  sound  of  the  heart,  closely  following  the 
first.  But  these  facts  could  not  have  been  determined 
without  carefully  observing  the  action  of  the  denuded 
heart  as  we  listened  to  the  sounds.  And  it  was  dis- 
tinctly ascertained  in  the  course  of  these  experiments, 
that  the  first  sound  of  the  heart  represents  the  termi- 
nation of  the  beat,  and  the  second  sound  the  commence- 
ment of  a new  or  next  beat,  which  seemed  to  follow 
the  other  as  an  immediate  sequence,  but  depended  on 
the  force  with  which  the  auricles  contracted  and  sent 
the  blood  through  the  auriculo-ventricular  foramen 
into  the  ventricle.  And  the  action  was  maintained 
without  the  occurrence  of  a pause — the  auricles  con- 
tracting with  the  commencement  of  the  dilatation  of 
the  ventricle,  and  bringing  it  rapidly  to  the  point  of 
distension ; the  sounds  occurring  in  the  order  we 
have  mentioned,  but  a longer  interval  existing  be- 
tween the  second  and  the  first  sound,  because  the  first 
sound  is  produced  when  the  ventricle  propels  the 
blood  with  force  through  the  aortic  foramen,  and  the 
aorta  reacts.  And  this  sound,  as  we  have  stated,  is 
admitted  by  physicians  to  be  synchronous  with  the 
contraction  of  the  ventricle  and  pulsation  of  the  aorta. 


83 


* 

We  conclude  then  that  the  sounds  heard  in  the 
denuded  heart  of  turtles,  depend  on  the  same  prin- 
ciple as  the  sounds  produced  by  the  action  of  the 
heart  in  other  vertebrated  animals ; and  are  equally 
to  be  relied  on,  as  the  sounds  heard  in  the  heart  of 
the  dog,  the  ass,  the  horse,  and  man. 

From  what  has  been  stated,  it  appears  physicians 
are  proceeding  on  imperfect  data  respecting  the  action 
and  sounds  of  the  heart.  That  what  is  considered 
the  cause  of  the  second  sound  is  not  supported  by 
fact;  the  sigmoid  valves  being  closed  in  connection 
with  the  contraction  of  the  ventricle,  by  the  reaction 
of  the  aorta,  as  the  blood- wave  proceeds  along  the 
large  arteries  to  produce  the  pulse  at  the  wrist. 

Much  has  been  stated  respecting  the  great  advance- 
ment that  physiological  science  has  made  in  England 
and  in  Europe  during  the  last  quarter  of  a century. 
But  it  does  not  appear  to  consist  in  the  increase  of 
our  knowledge  on  the  sounds  of  the  heart.  The  cardio- 
graph has  illustrated  the  action  of  the  heart  when  it  is 
slow,  and  the  contraction  of  the  auricles  immediately 
precedes  the  contraction  of  the  ventricle — a point  to 
which  Dr.  Hope  particularly  directed  attention  in  his 
researches  on  the  action  of  the  heart,  and  on  which 
physicians  still  rely  for  an  explanation  of  the  cause 
of  the  sounds  of  the  heart.  But  attention  has  not 
been  so  specially  directed  through  the  medium  of  the 
cardiograph  as  we  could  have  wished,  to  the  manner 
in  which  the  action  of  the  heart  is  increased  and 
maintained  when  the  contraction  of  the  auricles  becomes 
synchronous  with  the  dilatation  of  the  ventricle,  and 
the  movements  are  alternate  without  the  occurrence  of 
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a pause.  Though  authors  admit  the  fact.*  Besides,  the 
cardiograph  throws  no  light  on  the  cause  of  the  sounds 
of  the  heart,  but  accepts  the  views  of  Rouanet,  that 
the  first  sound  of  the  heart  is  produced  by  the  closing 
of  tlio  auriculo-ventricular  valves  on  contraction  of 
the  ventricle,  and  the  second  sound  on  the  closing  of 
the  sigmoid  valves,  by  the  blood  in  the  aortic  and  pul- 
monary artery  recoiling  against  them  during  the 
diastole  of  the  ventricle,  f an  opinion  generally  enter- 
tained by  French  physiologists;  whilst  in  England,  as 
we  have  stated,  physiologists  believe  that  the  sigmoid 
valves  are  chiefly  closed  by  the  elastic  reaction  of 
the  large  arteries  near  the  heart,  forcing  the  blood 
back  against  them  during  the  diastole  of  the  ven- 
tricle. 

If  the  first  sound  of  the  heart  were  produced  by  the 
closing  of  the  auriculo-ventricular  valves,  it  is  evident 

* “En  dehors  memede  toutddsordre  des  mouvements 
du  coeur,  vous  pouvez  rencontrer  dans  son  rhythme 
des  variations  tres-notables.  Ainsi  que  la  circulation 
s’accelere,  et  vouz  voyez  la  mesure  se  rapprocher 
davantage  de  celle  h deux  temps  par  la  diminution  et 
meme  la  disparition  du  grand  silence.” — (p.  22.) 

f u Lors  de  la  diastole  ventriculaire,  la  cavity,  jusque- 
lh  effacee,  reprend  en  peu  d’ instants  ses  dimensions 
premieres,  et  le  sang  y afflucrait  h la  fois  par  les  ori- 
fi<3es  auriculo- ventriculaire  et  arteriel,  si  ce  dernier 
ne  pr^sentait  par  l’abaissement  subit  de  ses  valvules 
sigmoides  (deuxieme  bruit)  un  obstacle  au  retour  du 
sang  de  l’artere  dans  le  ventricule.”  (p.  24.) — 

“ Lemons  Oliniques  sur  les  Maladies  du  Coeur.” 
Far  J.  Bucquoy.  Paris. 
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that  it  would  be  limited  to  the  commencement  of  the 
contraction,  when  the  fibres  begin  to  tighten  and  the 
impulse  to  take  place  ; and  could  not  be  persistent  at 
the  termination  of  the  contraction  and  pulsation  of  the 
aorta.  Dr.  Carpenter  observes*  that  no  sound  is  pro- 
duced by  the  closing  of  the  auriculo- ventricular  valves 
since  they  are  restrained  by  the  chordae  tendineae,  and 
do  not  fall  back  suddenly  against  each  other,  as  is  the 
case  of  the  semi-lunar  valves.  And  physicians  give 
their  united  testimony  to  the  fact  that  the  first  sound 
of  the  heart  is  synchronous  with  the  contraction  of  the 
ventricle  and  pulsation  of  the  aorta,  thus  connecting  it 
with  the  termination  of  the  beat.  And  when  a murmur 
is  produced  from  disease  of  the  mitral  valve,  that  mur- 
mur has  its  intensity  at  the  apex  of  the  heart,  and 
persists  only  during  a part  of  the  ventricular  systole,  t 
Whereas  the  murmur  arising  from  disease  of  the  aortic 
orifice  has  its  seat  of  greatest  intensity  over  the  third 
intercostal  space,  at  the  base  of  the  heart,  and  is  propa- 

• Carpenter’s  “Physiology,”  p.  420. 

t “ Une  lesion  de  F orifice  auriculo-ventriculaire 
gauche  sera  caracterisde  de  la  mani&re  suivante ; un 
souffle  systolique  plus  ou  moins  intense  persistant 
pendant  une  partie  de  la  duree  du  premier  temps,  avec 
son  maximum  d’intensite,  k la  pointe  et  se  propageant 
du  cote  de  l’aisselle,  indique  une  insuffisance  mitrale. 

“ Passons  aux  lesions  de  l’orifice  aortique,  et  com- 
parons  les  donates  de  F auscultation.  S’agit-il  d’un 

retrecissement,  le  bruit,  qui  est  toujours  assez  rude,  a 
son  maximum  d’intensitd  au  niveau  de  cet  orifice  ; 
c’est-k-dire,  h la  base ; il  est  systolique  et  se  propage 
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gated  during  the  ventricular  systole,  most  distinctly  into 
the  aorta  and  vessels  of  the  neck,  and  sometimes  even 
into  a great  part  of  the  arterial  system,  which  corresponds 
exactly  to  the  description  that  Dr.  Hope  gives  of  the 
second  sound  of  the  heart.  “ The  second  sound  is  best 
heard  over  the  semi-lunar  valves,  viz.,  on  the  sternum 
opposite  to  the  inferior  margin  of  the  third  rib,  and 
thence  for  about  two  inches  upwards  along  the  diverg- 
ing courses  of  the  aorta  and  pulmonary  artery  respec- 
tively, the  sound  high  up  the  aorta  proceeding  mainly 
from  the  aortic  valves,  and  that  high  up  the  pulmonary 
artery  being  mainly  from  the  pulmonic.”*  It  is  im- 
possible to  read  this  account  of  the  second  sound  of 
the  heart  without  perceiving  that  the  sound  occurred 
during  the  ventricular  systole,  since  it  is  a law  that 
sounds  are  propagated  in  the  direction  of  the  blood- 
current,  which  corroborates  the  fact  that  the  first  sound 
of  the  heart  is  produced  at  the  origin  of  the  aorta  by 
the  force  with  which  the  blood-wave  is  propelled  into 
it,  distending  its  walls,  and  they  react,  closing  the 
valves  in  impelling  on  the  wave. 

When  Dr.  Hope  listened  to  the  sounds  in  the  aorta, 
he  believed  that  the  blood  was  falling  back  against  the 
valves,  and  closing  them  during  the  dilatation  of  the 
ventricle.  But  the  blood  was  recoiling  against  the 
valves  and  closing  them  during  the  elastic  reaction  of 

de  la  manikre  la  plus  evidente  dans  l’aorte  et  dans  les 
vaisseaux  du  cou,  quelquefois  meme  dans  une  grande 
partio  du  systeme  arteriel.”  (p.  114.)  — 

“ Le$ons  Cliniques  sur  les  Maladies  du  Coeiu’.” 
Par  J.  Bucquoy.  Paris,  1873. 

* Hope  on  “ Tho  Heart,”  p.  64. 
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the  aorta,  in  impelling  onward  the  wave  in  connection 
with  the  contraction  of  the  ventricle.  We  have  seen 
that  the  aorta  must  react  in  connection  with  the  ven- 
tricular systole  as  the  blood  is  sent  along  the  tube,  for 
its  reaction  constitutes  an  important  part  in  the  im- 
pulse of  the  wave  onward.  . And  during  the  ventricular 
diastole  there  is  no  falling  back  of  the  blood  against 
the  valves,  and  nothing  to  produce  a sound,  which 
annihilates  the  supposed  cause  of  the  second  sound  of 
the  heart,  and  shows  that  the  sound  produced  by  the 
blood  recoiling  against  the  sigmoid  valves  takes  place 
in  connection  with  the  ventricular  systole.  The  ven- 
tricle is  not  relaxing  when  the  aorta  reacts.  But  the 
ventricle  persists  contracted  * as  the  aorta  closes  the 
valves  in  completing  the  impulse  on  the  wave.  There 
can  be  no  doubt  that  the  aorta  reacts  in  connection 
with  the  systole  of  the  ventricle  in  forcing  on  the  wave. 
Physicians  admit  the  fact  in  explaining  the  principle 
on  which  it  depends.  The  blood,  after  it  lias  left  the 
heart,  says  Dr.  Watson,  is  urged  onward  by  the 
healthy  elasticity  of  the  aorta. f But  how  could  the 

elasticity  of  the  aorta  be  exerted  in  urging  onwards 
the  blood  without  closing  the  aortic  valves  ? If  the 
valves  are  not  closed,  a part  of  the  blood  must  regur- 
gitate ; and  if  the  blood  is  impelled  along  the  arteries, 

* u La  systole  ventriculaire  persiste  un  certain  temps 
apres  que  la  ligne  d’ ascension  a atteint  son  summum, 
oomme  le  demontre  le  plateau  tres-accuse  du  trace  Y. 
qui  precede  la  ligne  de  descente.”  (p.  19.) — 

“Lemons  Cliniques  sur  les  Maladies  du  Coeur.” 
Par  J.  Bucquoy.  Paris. 

t Watson's  “ Lectures  on  Practice  of  Pliysic,”  yol.  ii.  p.  228. 
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it  must  be  during  the  ventricular  systole,  as  we  asso- 
ciate that  act  with  the  pulse- wave  at  the  wrist  and  first 
sound  of  the  heart.  Besides,  if  the  elasticity  of  the 
aorta  be  exerted  in  urging  on  the  blood  after  it  lias 
left  the  heart,  how  could  it  be  again  exerted  in  causing 
the  blood  to  recoil  and  close  the  valves  during  the 
diastole  of  the  ventricle  ? The  force  once  spent  can- 
not be  reproduced  till  the  aorta  is  again  distended  by 
the  next  blood- wave. 

Prom  these  facts  we  conclude  that  the  blood  does 
not  recoil  against  the  sigmoid  valves  during  the  dila- 
tation of  the  ventricle,  but  in  immediate  connection 
with  its  contraction.  And  the  sound  produced  Py  the 
closing  of  the  valves  is  not  the  second  sound  of  the 
heart,  but  the  first  attaining  its  termination.  We 
must  therefore  look  to  another  source  to  explain  the 
cause  of  the  second  sound  of  the  heart,  and  that  is  the 
contraction  of  the  auricles. 

III.  The  contraction  of  the  auricles  has  been  a sub- 
ject of  great  difficulty  to  physicians,  who  have  viewed 
the  action  of  the  denuded  heart  in  living’  animals  when 
it  was  slow,  the  sounds  weak,  and  the  contraction  of 
the  amides  immediately  preceding  that  of  the  ven- 
tricle. They  have  concluded  that  this  was  the  manner 
in  which  the  action  was  always  maintained,  and  that 
the  second  sound  of  the  heart,  heard  on  applying  the 
ear  to  the  chest,  cannot  be  accounted  for  by  contraction 
of  the  auricles,  since  it  so  closely  follows  the  first  or 
dull  and  prolonged  sound.  But  physicians  at  the 
same  time  admit  that  when  the  action  of  the  heart 
becomes  vigorous,  the  pause  disappears.  The  move- 
ments then  become  alternate.  And  from  carefully 
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conducted  experiments  we  have  distinctly  ascer- 
tained that  when  the  action  of  the  heart  is  main- 
tained with  vigour,  the  contraction  of  the  auricles 
commences  immediately  after  the  contraction  of  the 
ventricle  and  reaction  of  the  aorta  terminate,  and 
the  sound  produced  by  contraction  of  the  auricles  so 
closely  follows  the  first  sound  of  the  heart — the  dull 
and  prolonged  sound — that  it  is  viewed  in  connection 
with  it.  The  first  sound  is  produced  at  the  termina- 
tion of  the  beat,  as  the  blood  is  propelled  through  the 
aortic  foramen,  and  the  distended  aorta  reacts  or 
pulsates.  And  the  second  sound  is  produced  at  the 
commencement  of  a new  or  next  beat,  as  the  blood  on 
contraction  of  the  auricles  is  sent  with  force  through 
the  auriculo-ventricular  foramen,  being  there  most 
distinctly  heard,  so  that  the  two  sounds  are  viewed  in 
close  apposition.  And  this  we  consider  the  regular 
and  normal  action  of  the  heart  in  a state  of  health. 

But  if  the  action  of  the  heart  becomes  slower,  the 
auricles  are  later  in  commencing  to  contract,  and 
the  parietes  of  the  ventricle  relaxing,  a portion  of 
blood  passes  into  the  ventricle,  dilating  its  walls  to 
a certain  extent,  and  then  the  auricles  contract  and 
fully  distend  the  ventricle,  producing  its  contrac- 
tion ; the  contraction  of  the  auricles  preceding  the 
next  ventricular  systole.  A slight  pause  may  even 
take  place  after  the  partial  dilatation  of  the  ven- 
tricle, rendering  the  interval  greater  before  the 
auricles  contract  and  produce  the  contraction  of  the 
ventricle.  And  this  is  the  phenomenon  that  physicians 
have  so  frequently  observed  in  their  experiments  on 
the  denuded  heart.  And  it  always  indicates  that  the 
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action  is  slow  or  irregular.  Wo  have  distinctly  observed 
in  the  course  of  our  experiments  that,  on  the  heart  being 
just  denuded  and  its  action  vigorous,  the  auricles  com 
tracted  at  the  commencement  of  the  diastole  of  the 
ventricle  rapidly  distending  its  walls,  and  the  second 
sound  of  the  heart  was  clear  and  distinctly  heard, 
closely  following  the  first.  But  on  the  action  of  the 
heart  becoming  less  vigorous,  the  auricles  were  later 
in  commencing  to  contract.  A portion  of  blood  passing 
into  the  ventricle  from  the  auricles  and  partially 
dilating  its  walls  before  the  auricles  contracted  and 
distended  the  ventricle,  and  the  sound  produced  on 
their  contraction  shortly  preceded  that  of  the  ventricle. 
But  the  sound  was  now  weak  and  merely  distinguished 
the  auricles  contracting  with  less  energy. 

Wb  thus  perceive  that  the  auricles  contract  with 
vigour  at  the  commencement  of  the  diastole  of  the 
ventricle,  producing  the  second  sound  of  the  heart ; 
and  when  they  are  later  in  contracting,  the  ventricle 
being  paitially  dilated,  brings  their  contraction  into 
nearer  connection  with  the  next  ventricular  sys- 
tole preceding  it.  But  the  sound  produced  corre- 
sponds not  in  point  of  time  or  energy  to  the  second 
sound  as  usually  heard,  the  auricles  contracting  to  a 
limited  extent  in  exciting  the  contraction  of  the  ven- 
tricle. 

And  the  physiological  fact  that  the  second  sound 
of  the  heart  depends  on  contraction  of  the  auricles 
is  fully  supported  by  pathological  research.  If  an 
obstacle  exists  to  the  transmission  of  the  blood  from 
the  left  auricle  into  the  ventricle,  the  auricle  becomes 
hypertrophied  from  the  increased  action  to  which  it  is 
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subjected — an  indubitable  proof  that  the  auricles  then 
contract  with  energy  ; and  when  the  orifice  of  the 
mitral  valve  becomes  constricted,  a bruit  is  produced 
on  contraction  of  the  auricle  during  the  diastole  of  the 
ventricle.  Not  what  is  strictly  termed  a presystolic 
bruit,  but  a bruit  coincident  with  the  ventricular 
diastole,*  which  bruit  we  consider  represents  the 
second  sound  of  the  heart. 

The  non-attention  to  the  principle  on  which  the 
action  of  the  auricles  is  maintained,  or  not  having 
listened  to  the  sounds  of  the  denuded  heart  when  the 
movements  of  the  auricles  and  ventricles  are  alternate, 
has  been  the  cause  of  inaccurate  views  on  this  subject. 

* “ La  theorie  nous  avons  montre  qu’un  bruit  de 
souffle  au  second  temps  ou  diastolique  per<ju  h la  pointe 
appartient  au  retrecissement  mitral  et  le  caracterise.” 
-(p.  37.) 

“ Pour  vous  en  convaincre,  lisez  le  remarquable 
memoire  publie  dans  les  Archives  generates  de  medicine 
(1853,  1854),  par  mon  eminent  collogue  M.  Herard, 
sous  ce  titre,  Des  signes  stethoscopiques  du  retrecissement 
de  V orifice  auriculo-vcntricidaire  du  coeur , et  spScialement 
du  bruit  de  souffle  au  second  temps  ; vous  y trouverez  la 
demonstration  clinique  du  fait  que  j’avance.” — (p.  38.) 

“ Le  souffle,  repondant  h la  systole  auriculaire,  dans 
quelques  cas,  peut-etre  pergu  nettement  pendant  le  second 
temps  ” (Herard). — (p.  114.) 

“ Le  premier  temps  commence  avec  la  systole  ven- 
triculaire,  et  a la  meme  duree ; le  second  repond  h la 
diastole  ventriculaire.”  (p.  19.) — 

“Logons  Cliniques  sur  les  Maladies  du  Coeur.” 
Par  J.  Bucquoy.  Paris. 
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Instead  of  viewing  the  auricular  systole  as  taking- 
place  after  the  partial  dilatation  of  the  ventricle,  we 
must  identify  it  with  the  commencement  of  the  diastole 
of  the  ventricle,  which  brings  it  into  immediate  suc- 
cession with  the  first  sound  of  the  heart.  It  represents 
the  state  of  the  circulation  when  the  action  of  the 
heart  is  maintained  with  vigour  and  not  when  it  is 
slow  or  irregular. 

According  to  the  rapidity  with  which  the  circula- 
tion is  maintained,  so  is  the  contraction  of  the 
auricles.  If  the  action  of  the  heart  be  vigorous, 
the  auricles  contract  immediately  after  the  reaction 
of  the  aorta  terminates,  producing  the  second  sound 
of  the  heart.  And  the  whole  of  the  blood  that  enters 
the  ventricle  is  projected  by  contraction  of  the  auricles. 
If  the  circulation  still  increase  and  be  maintained  at  a 
high  rate  of  speed,  immediately  succeeding  the  arterial 
systole,  the  auricles  shoot  down  the  blood  with  an 
impulse  into  the  ventricle,  rapidly  distending  it,  and  in- 
stantly relax  as  the  ventricle  contracts.  It  may  there- 
fore be  stated  as  a general  law,  that  the  rapidity  with 
which  the  auricles  contract  after  the  reaction  of  the 
aorta,  indicates  the  energy  in  the  action  of  the  heart. 

From  this  statement  of  facts,  the  result  of  experi- 
ments carefully  conducted  and  repeated,  we  conclude 
that  the  first  sound  of  the  heart  is  produced  at  the 
origin  of  the  aorta,  by  the  force  with  which  the 
ventricle  propels  the  blood  into  it,  distending  its  walls, 
and  the  aorta  reacts,  closing  the  valves  in  impelling 
onward  the  wave.  It  is  the  termination  of  the  beat ; 
and  the  second  sound  so  closely  following  the  first,  is 
the  commencement  of  a new  beat,  and  produced  by 
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contraction  of  the  auricles  as  they  send  the  blood  with 
force  through  the  auriculo-ventricular  foramen  into  the 
relaxing  parietes  of  the  ventricle  and  distend  it. 

The  manner  in  which  the  sounds  of  the  heart  are 
produced  may  be  thus  stated,  premising  that  the 
observations  which  apply  to  one  ventricle  or  one  side 
of  the  heart  are  equally  applicable  to  the  other. 


We  have  no  theories  to  support,  hypotheses  non  Jingo . 
We  have  stated  facts  and  doctrines  based  on  these 
facts  by  strict  and  rigid  induction. 


Second  sound, 


Ventricular  contraction 
and 

Aortic  reaction. 
Auricular  contraction, 
as  the  ventricle  dilates. 
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successful  Method,  by  Langston  Parker,  F.R.C.S.  Fifth  Edition, 
8vo,  10s.  6d.  P871] 

A TREATISE  ON  SYPHILIS 

by  Walter  J.  Coulson,  F.R.C.S.,  Surgeon  to  the  Lock  Hospital 
8vo,  10s.  [1869] 

BY  THE  SAME  AUTHOR, 

STONE  IN  THE  BLADDER: 

Its  Prevention,  Early  Symptoms,  and  Treatment  by  Lithotrity.  Svo, 
6s.  [1868] 

ON  CERTAIN  DISEASES  OF  THE  EYE  AND  EAR 

consequent  on  Inherited  Syphilis  : a Clinical  Memoir  with  an  appended 
Chapter  of  Commentaries  on  the  Transmission  of  Syphilis  from 
Parent  to  Offspring,  and  its  more  remote  consequences,  by  Jonathan 
Hutchinson,  F.R.C.S.,  Senior  Surgeon  and  Lecturer  on  Surgery  at 
the  London  Hospital.  With  Plates  and  Woodcuts,  8vo,  9s.  [1862] 


PRINCIPLES  OF  HUMAN  PHYSIOLOGY 

by  W.  B.  Carpenter,  M.D.,  F.R.S.  Seventh  Edition  by  Mr.  Henry 
Power.  Svo,  with  nearly  300  Illustrations  on  Steel  Mid  Wood,  28s. 


BY  THE  SAME  AUTHOR, 


[1869] 


A MANUAL  OF  PHYSIOLOGY, 

including  Physiological  Anatomy.  Fourth  Edition,  with  2 Steel 
Plates  and  250  Wood  Engravings,  fcap  8vo,  12s.  6d.  [1864] 


PHYSIOLOGICAL  LABORATORY 

(Handbook  for  the)  by  E.  Klein,  M.D.,  formerly  Privat-Docent  in 
Histology  m the  University  of  Vienna,  Assistant  Professor  in  the 
Pathological  Laboratory  of  the  Brown  Institution,  London ; J.  Bur- 
don-Sanderson,  M.D.,  F.R.S.,  Professor  of  Practical  Physiology  in 
University  College,  London ; Michael  Foster,  M.D.,  F.R.S.,  Fellow 
of  and  Praelector  of  Physiology  in,  Trinity  College,  Cambridge;  and 
T.  Lauder  Brunton,  M.D.,  D.Sc.,  Lecturer  on  Materia  Medica  in  the 
Medical  College  of  St.  Bartholomew’s  Hospital;  edited  by  J.  Burdon- 
Sanderson.  8vo,  with  123  Plates,  24s.  [1873] 

STUDIES  IN  PHYSIOLOGY  AND  MEDICINE 

AVES’  Edited  by  Dr.  Stokes.  With  Por- 
trait and  Memoir.  8vo,  14s.  asG3] 
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THE  STUDENT’S  GUIDE  TO  MEDICAL  DIAGNOSIS 

by  Samuel  Fenwick,  M.D,  F.R.C.P.,  Assistant  Physician  to  the 
London  Hospital.  Third  Edition,  fcap  8vo,  with  87  Engravings, 
6s.  6d.  [1873] 

A MANUAL  OF  MEDICAL  DIAGNOSIS 

by  A.  W.  Barclay,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  St.  George’s  Hospital.  Third  Edition,  fcap  8vo,  10s.  6d. 

0870] 

THE  MEDICAL  REMEMBRANCER; 

or  Book  of  Emergencies.  Fifth  Edition  by  Jonathan  Hutchinson, 
F.R.C.S.,  Senior  Surgeon  to  the  London  Hospital.  32mo,  2s.  6d.  [isG7] 

MEDICAL  ANATOMY 

By  Francis  Sibson,  M.D.,  F.R.C.P.,  F.R.S.,  Consulting  Physician  to 
St.  Mary’s  Hospital.  Imp.  folio,  with  21  coloured  Plates,  cloth,  42s. ; 
half-morocco,  50s.  ' [Completed  ill  1869] 

THE  ANATOMIST’S  VADE-MECUM: 

a System  of  Human  Anatomy  by  Erasmus  Wilson,  F.R.C.S.,  F.R.S. 
Ninth  Edition,  by  Dr.  G.  Buchanan,  Professor  of  Anatomy  in 
Anderson’s  University,  Glasgow.  Crown  8vo,  with  371  Engravings  on 
Wood, -14s.  G873] 

PRACTICAL  ANATOMY: 

a Manual  of  Dissections  by  Christopher  Heath,  F.R.C.S.,  Surgeon 
to  University  College  Hospital.  Third  Edition,  fcap  8vo,  with  226 
Engravings  G874] 

HUMAN  OSTEOLOGY: 

with  Plates,  showing  the  Attachments  of  the  Muscles,  by  Luther 

Holden,  F.R.C.S.,  Surgeon  to  St.  Bartholomew’s  Hospital.  Fourth 

Edition,  8vo,  16s.  G8693 

BY  THE  SAME  AUTHOR, 

THE  DISSECTION  OF  THE  HUMAN  BODY 

(A  Manual  of).  Third  Edition,  8vo,  with  Engravings  on  Wood,  16s. 

[1868] 

THE  ANATOMICAL  REMEMBRANCER; 

or.  Complete  Pocket  Anatomist.  Seventh  Edition,  carefully  Revised, 
32mo,  3s.  6d.  t G872] 

DIAGRAMS  OF  THE  NERVES  OF  THE  HUMAN  BODY, 

Exhibiting  their  Origin,  Divisions,  and  Connexions,  with  their  Distri- 
bution, by  William  Henry  Flower,  F.R.S.,  Conservator  of  the 
Museum  of  the  Royal  College  of  Surgeons.  Second  Edition,  roy.  4to, 

1 Oa  0873] 
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STUDENT’S  GUIDE  TO  SURGICAL  ANATOMY: 

a Text-book  for  tbe  Pass  Examination,  by  E.  Bellamy,  F.R.C.S., 
Senior  Assistant-Surgeon  and  Teacber  of  Operative  Surgery  at 
Charing  Cross  Hospital.  With  50  Engravings,  fcap  8vo,  6s.  6d.  [1873] 

A MANUAL  OF  PRACTICAL  THERAPEUTICS 

by  E.  J.  Waking,  M.D.,  F.R.C.P.  Bond.  Third  Edition,  fcap  8vo, 
12s.  6d.  [1871] 


HOOPER’S  PHYSICIAN’S  VADE-MECUM: 

or,  Manual  of  the  Principles  and  Practice  of  Physic,  Ninth  Edition 
by  W.  A.  Guy,  M.B.,  F.R.S.,  and  John  Hakley,  M.D.,  F.R.C.P. 
Fcap  8vo,  with  Engravings,  12s.  6d.  [18741 

A COMPENDIUM  OF  PRACTICAL  MEDICINE 

and  Morbid  Anatomy  by  William  Dale,  M.D.  Lond.  12mo,  with 
Plates,  7s.  [1868] 


DISCOURSES  ON  PRACTICAL  PHYSIC 

by  B.  W.  Richardson,  M.D.,  F.R.C.P.,  F.R.S.  8vo,  5s.  U87i] 

ON  THE  ACTION  OF  MEDICINES  ' 

in  the  System  by  F.  W.  Headland,  M.D.,  F.R.C.P.,  Professor  of 
Medicine  in  Charing  Cross  Medical  College.  Fourth  Edition,  8vo, 
14s.  • [1866] 


A MANUAL  OF  MATERIA  MEDICA 

by  J.  F.  Royle,  M.D.,  F.R.S.,  and  F.  W.  Headland,  M.D.,  F.R.C.P. 

Fifth  Edition,  fcap  8vo,  with  numerous  Engravings  on  Wood,  12s.  6d. 

[1868] 

I 

A DICTIONARY  OF  MATERIA  MEDICA 

and  Therapeutics  by  Adolphe  Wahltuch,  M.D.  8vo,  15s.  [1868] 


THE  APPLICATIONS  OF  CHEMISTRY 

and  Mechanics  to  Pathology  and  Therapeutics  (Lectures  on  some  of) 
by  H.  Bence  J ones,  M.D.,  F.R.C.P.,  D.C.L.,  F.R.S.  Svo,  12s.  U867] 

ON  THE  PRESENT  STATE  OF  THERAPEUTICS; 

with  some  Suggestions  for  placing  it  on  a more  scientific  basis  by 
James  Rogers,  M.D.  8vo,  6s.  6d.  [1870] 


METHOD  AND  MEDICINE: 

an  Essay  on  the  Past,  Present,  and  Future  of  Medicine  by  Balthazar 

W.  Foster,  M.D.,  Professor  of  Physic  in  Queen’s  College,  Birming- 
ham. 8vo,  2s.  6d.  ' [187^ 
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MANUAL  OF  THE  DISEASES  OF  CHILDREN 

(A  Practical),  with  a Formulary,  by  Edward  Ellis,  M.D.,  Physician 
to  the  Victoria  Hospital  for  Children.  Second  Edition,  crown  8vo,  Is. 

[1873] 

ESSAYS  ON  THE  DISEASES  OF  CHILDREN 

by  William  Henry  Day,  M.D.,  Physician  to  the  Samaritan  Hospital 
for  Diseases  of  Women  and  Children.  Fcap  8vo,  5s.  - 0873] 

ON  THE  WASTING  DISEASES  OF  CHILDREN 

by  Eustace  Smith,  M.D.  Lond.,  Physician  to  the  King  of  the  Belgians, 
Physician  to  the  East  London  Hospital  for  Children.  Second  Edition, 
post  8vo,  7s.  6d.  [1870] 

A TRANSLATION  OF  DR.  DILLNBERGER’S 

Handy-Book  of  the  Treatment  of  Women’s  and  Children’s  Diseases 
according  to  the  Vienna  Medical  School,  with  Prescriptions,  by 
Patrick  Nicol,  M.B.  Pcap  8vo,  5s.  0871J 

INFANT  FEEDING,  AND  ITS  INFLUENCE  ON  LIFE; 

or,  the  Causes  and  Prevention  of  Infant  Mortality,  by  C.  H.  F.  Routh, 
M.D.,  M.R.C.P.  Lond.,  Physician  to  the  Samaritan  Hospital,  &c. 
Second  Edition,  fcap  8vo,  6s.  0863] 

ADVICE  TO  A MOTHER 

on  the  Management  of  her  Children  by  Pye  H.  Chayasse,  F.R.C.S. 
Eleventh  Edition,  fcap  8vo,  2s.  6d.  0872] 

BY  TUB  SAME  AUTHOR, 

COUNSEL  TO  A MOTHER: 

being  a Continuation  and  the  Completion  of  ‘ Advice  to  a Mother.’ 
Second  Edition,  fcap  8vo,  2s.  6d.  0872] 

A1SO, 

ADVICE  TO  A WIFE 

on  the  Management  of  her  own  Health.  With  an  Introductory 
Chapter  especially  addressed  to  a Young  Wife.  Tenth  Edition,  fcap 
8vo,  2s.  6d.  0873] 

ALSO, 

MENTAL  CULTURE  AND  TRAINING  OF  A CHILD 

(Aphorisms  on  the),  and  on  various  other  Subjects  relating  to  Health 
and  Happiness.  Fcap  8vo,  2s.  6d.  0872] 

ENGLISH  MIDWIVES: 

their  History  and  Prospects,  by  J.  H.  Aveling,  M.D.,  Physician  to 
the  Chelsea  Hospital  for  Women,  Examiner  of  Midwives  for  the 
Obstetrical  Society  of  London.  Crown  8vo,  5s.  0872] 
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LECTURES  ON  OBSTETRIC  OPERATIONS, 

including  the  Treatment  of  Haemorrhage,  and  forming  a Guide  to  tlie 
Management  of  Difficult  Labour,  by  Robert  Barnes,  M.D.,  F.R.C.P., 
Obstetric  Physician  to,  and  Lecturer  on  Midwifery  at,  St.  Thomas’s 
Hospital.  Second  Edition,  8vo,  with  113  Engravings,  15s.  US'D] 

BY  THE  SAME  AUTHOR, 

MEDICAL  AND  SURGICAL  DISEASES  OF  WOMEN 

(a  Clinical  History  of  the).  With  169  Engravings,  8vo,  28s.  U873] 

OBSTETRIC  MEDICINE  AND  SURGERY 

(The  Principles  and  Practice  of)  by  F.  H.  Ramsbotham,  M.D., 
F.R.C.P.  Fifth  Edition,  8vo,  with  120  Plates  on  Steel  and  Wood,  22s. 

[1867] 

OBSTETRIC  APHORISMS 

for  the  Use  of  Students  commencing  Midwifery  Practice  by  J.  G. 
Swayne,  M.D.,  Physician-Accoucheur  to  the  Bristol  General  Hos- 
pital. Fifth  Edition,  fcap  8vo,  with  Engravings  on  Wood,  3s.  6d. 

[1871] 

SCHROEDER’S  MANUAL  OF  MIDWIFERY, 

including  the  Pathology  of  Pregnancy  and  the  Puerperal  State. 
Translated  by  Charles  H.  Carter,  B.A.,  M.D.  8vo,  with  Engrav- 
ings, 12s.  6d.  [1873] 

PRACTICAL  MIDWIFERY  AND  OBSTETRICS, 

including  Anaesthetics,  by  John  Tanner,  M.D.,  M.R.C.P.  Edin. 
Fcap.  8vo,  with  numerous  Engravings,  6s.  6d.  [1871] 


CONSULTATIONS  IN  MIDWIFERY 

by  Robert  Lee,  M.D.,  F.R.S.  Fcap  8vo,  4s.  6d. 


[1864] 


A HANDBOOK  OF  UTERINE  THERAPEUTICS 

and  of  Diseases  of  Women  by  E.  J.  Tilt,  M.D.,  M.R.C.P.  Third 
Edition,  post  8vo,  10s.  [1868] 

BY  THE  SAME  AUTHOR, 

THE  CHANGE  OF  LIFE 

in  Health  and  Disease  : a Practical  Treatise  on  the  Nervous  and  other 
Affections  incidental  to  Women  at  the  Decline  of  Life.  Third  Edition 
8vo,  10s.  6d.  [layoj 

ALSO, 

ON  UTERINE  AND  OVARIAN  INFLAMMATION, 

and  on  the  Physiology  and  Diseases  of  Menstruation.  Third  Edition 
with  Illustrations,  8vo,  12s.  [1862’ 
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LECTURES  ON  THE  DISEASES  OF  WOMEN 

by  Charles  West,  M.D.,  F.R.C.P.  Lond.  Third  Edition,  8vo,  16s. 

[1804] 

DISEASES  OF  THE  OVARIES  ; 

their  Diagnosis  and  Treatment,  by  T.  Spencer  Wells,  F.R.C.S., 
Surgeon  to  the  Queen’s  Household  and  to  the  Samaritan  Hospital! 
8vo,  with  about  150  Engravings,  21s.  0&72] 

HANDBOOK  FOR  NURSES  FOR  THE  SICK 

by  Miss  Veitch.  Crown  8vo,  2s.  6d.  0870] 

A MANUAL  FOR  HOSPITAL  NURSES 

and  others  engaged  in  Attending  on  the  Sick  by  Edward  J.  Dom- 
ville,  L.R.C.P.,  M.R.C.S.  Crown  8vo,  2s.  6d.  [1872] 

A COMPENDIUM  OF  DOMESTIC  MEDICINE 

and  Companion  to  the  Medicine  Chest ; intended  as  a Source  of  Easy 
Reference  for  Clergymen,  and  for  Families  residing  at  a Distance 
from  Professional  Assistance  by  John  Savory,  M.S.A.  Eighth 
Edition,  12mo,  5s.  0871] 

REVIEW  OF  THE  HISTORY  OF  MEDICINE 

among  Asiatic  Nations  by  T.  A.  Wise,  M.D.,  F.R.C.P.  Edin.  Two 
Vols.,  8vO,  16s.  [1868] 

LECTURES  ON  WINTER  COUGH 

(Catarrh,  Bronchitis,  Emphysema,  Asthma)  by  Horace  Dobell, 
M.D.,  Senior  Physician  to  the  Royal  Hospital  for  Diseases  of  the 
Chest.  Second  Edition,  with  Coloured  Plates,  8vo,  8s.  6d.  [1872] 

BY  THE  SAME  AUTHOR, 

THE  TRUE  FIRST  STAGE  OF  CONSUMPTION 

(Lectnres  on).  Crown  8vo,  3s.  6d.  [1867] 

THE  LUNGS  AND  AIR  PASSAGES 

(On  Diseases  of)  by  W.  H.  Fuller,  M.D.,  F.R.C.P.,  Senior  Physician 
to  St.  George’s  Hospital.  Second  Edition,  8vo,  12s.  6d.  [1867] 

DISEASES  OF  THE  CHEST: 

Contributions  to  their  Clinical  History,  Pathology,  and  Treatment  by 
A.  T.  H.  Waters,  M.D.,  F.R.C.P.,  Physician  to  the  Liverpool  Royal 
Infirmary.  Second  Edition,  8vo,  with  Plates,  15  s.  [1878] 

PHTHISIS  AND  THE  STETHOSCOPE; 

or,  the  Physical  Signs  of  Consumption,  by  R.  P.  Cotton,  M.D., 
F.R.C.P.,  Senior  Physician  to  the  Hospital  for  Consumption,  Brompton. 
Fourth  Edition,  fcap  8vo,  3s.  6d.  C1869] 
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ON  VALVULAR  DISEASE  OF  THE  HEART 

(some  of  the  causes  and  effects  of).  Croonian  Lectures  for  1865.  By 
Thomas  B.  Peacock,  M.D.,  F.R.C.P.,  Physician  to  St.  Thomas’s 
Hospital.  With  Engravings,  8vo,  5s.  U865l 

BY  THE  SAME  AUTHOR, 

ON  MALFORMATIONS  OF  THE  HUMAN  HEART 

With  Original  Cases  and  Illustrations.  Second  Edition,  with  Plates, 
8vo,  10s.  C1867D 

THE  ACTION  AND  SOUNDS  OF  THE  HEART 

(Researches  on).  By  George  Paton,  M.D.,  author  of  numerous 
papers  published  in  the  British  and  American  Medical  Journals. 
8vo,  3s.  6d.  [1873] 

NOTES  ON  ASTHMA; 

its  Forms  and  Treatment,  by  John  C.  Thorowgood,  M.D.  Lond., 
Physician  to  the  Hospital  for  Diseases  of  the  Chest,  Victoria  Park. 
Second  Edition,  Revised  and  Enlarged,  crown  8vo,  4s.  6d.  [1873] 

IRRITATIVE  DYSPEPSIA 

and  its  Important  Connection  with  Irritative  Congestion  of  the 
Windpipe  and  with  the  Origin  and  Progress  of  Consumption.  By 
C.  B.  Garrett,  M.D.  Crown  8vo,  2s.  6d.  [1868] 

GROWTHS  IN  THE  LARYNX, 

with  Reports  and  an  Analysis  of  100  consecutive  Cases  treated  since 
the  Invention  of  the  Laryngoscope  by  Morell  Mackenzie,  M.D. 
Lond.,  M.R.C.P.,  Physician  to  the  Hospital  for  Diseases  of  the 
Throat.  8vo,  with  Coloured  Plates,  12s.  6d.  [1871] 

BY  THE  SAME  AUTHOR, 

HOARSENESS,  LOSS  OF  VOICE, 

and  Stridulous  Breathing  in  relation  to  Nervo-Muscular  Affections 
of  the  Larynx.  Second  Edition,  8vo,  fully  Illustrated,  3s.  6d.  [1868] 

ALSO, 

THROAT  HOSPITAL  PHARMACOPOEIA, 

containing  upwards  of  150  Formulas.  Second  Edition,  fcap  8vo, 
2s.  6d.  [1873] 

MINERAL  SPRINGS  OF  HARROGATE 

(Dr.  Kennion’s  Observations  on  the).  Ninth  Edition,  revised  and 
enlarged  by  Adam  Bealey,  M.A.,  M.D.  Cantab.,  F.R.C.P.  Lond. 
Crown  8vo,  Is.  [1873] 

SKETCH  OF  CANNES  AND  ITS  CLIMATE 

By  Th.  De  Valcourt,  M.D.  Paris,  Physician  at  Cannes.  Second 
Edition,  with  Photographic  View  and  Six  Meteorological  Charts, 
crown  8vo,  2s.  6d.  [1873] 
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WINTER  AND  SPRING 

on  the  Shores  of  the  Mediterranean;  or,  the  Riviera,  Mentone,  Italy 
Corsica,  Sicily,  Algeria,  Spain,  and  Biarritz,  as  Winter  Climates  By 
Henry  Bennet,  M.D.  Fourth  Edition,  post  8vo,  with  numerous 
Elates,  Maps,  and  Wood  Engravings,  12s.  [1869] 

BY  THE  SAME  AUTHOR, 

TREATMENT  OF  PULMONARY  CONSUMPTION 

(On  the)  by  Hygiene,  Climate,  and  Medicine.  Second  Edition,  enlarged 
Svo,  5s.  ; [1871] 

THE  CLIMATE  AND  RESOURCES  OF  MADEIRA, 

as  regarding  chiefly  the  Necessities  of  Consumption  and  the  Welfare  of 
Invalids.  By  Michael  C.  Grabham,  M.D.,  M.R.C.P.  Crown  8vo, 
with  Map  and  Engravings,  5s.  [1869] 

EGYPT  AS  A HEALTH  RESORT; 

with  Medical  and  other  Hints  for  Travellers  in  Syria.  By  A.  Dunbar 
Walker,  M.D.  Fcap  8vo,  cloth,  3s.  6d.  [1873] 

HEALTH  IN  THE  TROPICS; 

or,  Sanitary  Art  applied  to  Europeans  in  India.  By  W.  J.  Moore, 
L.R.C.P.  Edin.,  Bombay  Medical  Service.  8vo,  cloth,  9s.  [1862] 

ON  SOME  AFFECTIONS  OF  THE  LIVER 

and  Intestinal  Canal ; with  Remarks  on  Ague  and  its  Sequelae,  Scurvy, 
Purpura,  &c.,  by  Stephen  H.  Ward,  M.D.  Lond.,  F.R.C.P.,  Physician 
to  the  Seamen’s  Hospital,  Greenwich.  Svo,  7s.  [1872] 

ON  DISEASES  OF  THE  LIVER: 

Lettsomian  Lectures  for  1872  by  S.  O.  Habershon,  M.D.,  F.R.C.P., 
Physician  to  Guy’s  Hospital.  Post  Svo,  3s.  6d.  [1872] 

BY  THE  SAME  AUTHOR, 

ON  DISEASES  OF  THE  ABDOMEN,  STOMACH, 

and  other  Parts  of  the  ALIMENTARY  CANAL.  Second  Edition, 
considerably  enlarged,  with  Plates,  8vo,  14s.  [1862] 

THE  STOMACH  AND  DUODENUM 

(The  Morbid  States  of)  and  their  Relations  to  the  Diseases  of  other 
Organs.  By  Samuel  Fenwick,  M.D. , F.R.C.P.,  Assistant-Physician 
to  the  London  Hospital.  Svo,  with  10  Plates,  12s.  [1868] 

THE  DISEASES  OF  THE  STOMACH, 

with  an  Introduction  on  its  Anatomy  and  Physiology ; being  Lectures 
delivered  at  St.  Thomas’s  Hospital,  by  William  Brinton,  M.D.,  F.R.S. 
Second  Edition,  Svo,  10s.  6d.  [1864] 
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DIABETES : 

Researches  on  its  Nature  and  Ti'eatment  by  F.  W.  Pavy,  M.D.,  F.R.S., 
F.R.C.P.,  Physician  to  Guy’s  Hospital.  Second  Edition,  8vo,  with 
Engravings,  10s.  [18C8] 

BY  THE  SAME  AUTHOR, 

DIGESTION: 

its  Disorders  and  their  Treatment.  Second  Edition,  8vo,  8s.  6d. 

[1869] 

THE  INDIGESTIONS 

or  Diseases  of  the  Digestive  Organs  Functionally  Treated,  by 
T.  K.  Chambers,  M.D.,  F.R.C.P.,  Lecturer  on  Medicine  at  St.  Mary’s 
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of  the  Lower  Limbs  (A  Manual  of  the  Pathology  and  Treatment  of) 
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Mary’s  and  the  Lock  Hospitals;  Physician-Extraordinary  to  the 
Queen;  Physician-in- Ordinary  to  the  Prince  of  Wales,  &c.  Crown 
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or,  the  Medical  Practitioner’s  Complete  Guide  in  all  Matters  relating 
to  Lunacy  Practice,  by  J.  T.  Sabben,  M.D.,  and  J.  H.  Balfour 
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Medicine  in  University  College.  Second  Edition,  post  8vo,  3s.  6d. 

D873] 

CHLOROFORM:  ITS  ACTION  AND  ADMINISTRATION 

A Handbook.  By  Arthur  Ernest  Sansom,  M.D.,  M.R.C.P., 
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Smith,  M.D.,  F.R.S.  Edin.,  Surgeon-Dentist  to  the  Queen  in  Scotland. 
Second  Edition,  fcap.  8vo,  4s.  6d.  [1871] 
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8vo,  5s.  [1873] 

GERMINAL  MATTER  AND  THE  CONTACT  THEORY: 

an  Essay  on  the  Morbid  Poisons  by  James  Morris,  M.D.  Lond. 
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